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PREFACE. 



It is now several years since the description of bracing 
chiefly dwelt upon in the following pages suggested itself to 
the author ; and he was surprised to find that a method of such 
simplicity and evident excellence should have been employed 
in only a few unimportant instances, and, in the majority of 
these, in a mixed or not very evident way.* This naturally 
led him to investigate its qualifications, and it was his expecta- 
tion to have had opportunities, in the exercise of his profession, 
of making practical use and exemplification of the results. 

•The first example that is likely to occur to the reader is that of trie 
spandrils of Soutkwark Bridge ; but the weft, from its construction and 
depth of material, is quite in dependent of additional bracing, and the use of 
the lozenget of the spandrils is inertly to connect Hie arch with the roadway ; 
thus, the Sunderland Bridge, which is of nearly the same span and of 
greater rise, ;md composed of vous.soirs of less depth and inferior character 
for rigidity, is, nevertheless, without spiiiidril-bracing. 

A. design somewhat similar to the above, represented by Figure ID, is 
sometimes used for engine-shafts, etc, and its bracing power is, in such 
eases, brought into action. 

Another, and. though insignificant, seemingly a very clear application of 
the method is that employed to brace the transverse pipes between the 
main chains of the Jlenai Bridge. 

But the most decided case of its employment, in its simplest form, which 
the author has met with is that figured in the March part of "The 
Builder" of the year 1850 (page 100, Vol. VIII.) ; it is the wrought-iron 
roof over the Strashnni liniKvay Station at Paris. 

Town's Lattice Bridge depends, no doubt, for its strength upon the method, 
but presents an example of it in a very compound state, and which might 
have been adopted without a knowledge of the efficiency of the method in 
its simplest form. (Figure 33.) 
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Such opportunities, however, not having as yet occurred, he 
adopts the less congenial means of the pen to place his inves- 
tigations in such a position that they may be capable of becom- 
ing useful. In these investigations the simpler geometrical 
processes have been preferred to those of a more abstruse 
character. 

The first draft of the work was strictly confined to the par- 
ticular kind of bracing above referred to, which may be 
appropriately named the diivMe-aeting or triangular method ; 
but, upon after-consideration, the plan has been somewhat 
extended, as it was judged that a few moderate additions 
would render the work more useful, and better fitted, though 
very imperfectly, to supply an important desideratum in the 
library of the engineer. 

For dignifying the little work with the title of "A Treatise 
on Bracing," it is offered as an explanation that, though de- 
voted almost exclusively to one method, the results obtained 
may be easily applied to all other varieties, with the exception 
of plate-lracing . This last kind, indeed, is of so peculiar a 
nature that a completely different process must be employed 
to elucidate its action ; probably the results of experiment 
must be principally depended upon to give us correct ideas of 
its capabilities. 

As bridges are the structures in which bracing is most exten- 
sively employed, much -will be said of them ; but, as the inten- 
tion is merely to explain its application, those parts which 
either influence or are influenced by the character of the 
bracing alone come strictly within the scope of this treatise. 
In a few instances the author may have gone beyond this 
intention, in the belief that the space so employed would not 
be deemed by the reader unprofitable. 
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In conclusion, the writer begs to say that in launching 
his little bark upon the seas of publicity, he is not expectant 
of its passing triumphantly through the testing billows of criti- 
cism; these may disclose many deficiencies in its structure — 
with some of which, however, its architect is already acquainted ; 
but the first vessel built upon a new principle is always, in 
some degree, experimental, aiding man to construct in the fu- 
ture a perfect one of the same class. Seldom, upon a new 
subject, was a volume ever published that had not to undergo 
many changes and enlargements ere it ranked as a standard. 
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TREATISE ON BRACING. 



INTRODUCTORY CHAPTER. 

DEFINITIONS. 

It is necessary to state here the sense in which several terms 
will he employed.; as it has been found expedient to restrict, 
the meaning in most eases, thus rendering the words so much 
the more precise. 

When a construction is so framed that, under the action of 
any arrangement of forces, the angles cannot alter, nor there- 
fore the shape, it is described as a completely braced, or simply 
a braced, structure. 

When a fabric is adapted to retain its shape under the action 
of a force applied in one direction only, it is said to be only 
partially braced, or braced sufficiently for the circumstances; 
as in the ease of the simple roof, Figure 2. 

When the external figure of the structure is not, of itself, 
such as to ensure the retention of its form (i.e., when not a tri- 
angle), the addition to effect this is called the bracing, and 
each piece is named a strut, a tic, or a brace, according to the 
office it pei'fiii'iiis. 

When a part is only required and adapted to resist compres- 
sion, it is called a strut,* and in the diagrams of this work, 
when it can conveniently he done, will be represented by two 
lines, as shown by a, Figure 1. 

When a part is only required and adapted to act against a 
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2 DEFINITIONS. 

force of tension, it is called a tie-beam, tic-piece, tie-bar, or 
simply a tie, and will be represented by a single strong line, 
as h. 

When a part is required and adapted to act both as a strut 
and a tie, it is called a double-acting piece, complete brace, or 
simply a brace, and will be represented by two lines, as for a 
strut, with the addition of a central stronger one, as for a tie ; 
this is shown by c. 

When the parts of a braced figure are so long as to be in 
danger of bending, and this is prevented by certain additions, 
these are called, collectively, the. trussing, and the beams so 
stiffened arc said to be trussed; the whole figure so treated, 
when it does not require bracing, is called a truss. Thus, Fig- 
ure 2 represents a simple roof-tniss ; the additional parts, rf,f<l, 
fh, constitute the trussing, and they truss or stiffen the pieces 
ae, ec, and ac, respectively. 

The term pressure, consistently with the practice of eminent 
writers, is used to signify statical force, either of a compressive 
or tensive character. 

BRACED FORMS. 

As a foundation from which to commence, we assume the 
following propositions: 

Prop. I. In a triangle, an angle cannot increase or dimin- 
ish without the opposite side also increasing or diminishing. 

Prop. II. When the angles of a figure are unchangeable, 
the shape is unchangeable, and, therefore, the figure is com- 
pletely braced. 

The converse of each of these is also true, 

A triangular structure (Figure 3), having sides that are 
unchangeable (by I. and II.), is a completely braced form. 

If a quadrilateral figure (Figure 4) alter its shape (by nog. 
couv, of II.), the angles alter, and, as the sum of the angles 
must be equal to four right angles, tlioy cannot all increase or 
all diminish, therefore (considering the diagonals as third sides 
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ELIIM'EXTAKY IVBACED FOItMS. 



of triangles, by I.) the diagonals must one increase and the 
other decrease. And hence— 



place in a quiKl- 

LlliLliTLl'. E;;-.!iv, 




Consequently, nil those 
forms arc completely 

braced, a- cai-h docs cot 
peraiit of :in csTiiCLtaiiiii^ 
place which would necce- 



Tho above forms are the elements of all thoroughly-braced 
structures. They are of an insulated character. But there are 
certain modifications of them which depend upon external re- 
sistances ; these may he either partially or completely braced, 
according' as their parts are capable of acting in one or two 
rapacities. The Figures 8-11 represent some of these ; Figure 
11 is an extreme of Figure 8, one of the legs becoming horizon- 
tal — it cannot transmit any vertical pressure to its abutment. 

There are several form?, frequently employed, which are 
not sufficiently braced, though very considerable stiffness may 
be produced in them, but only by the use of excessively thick 
parts. To save time in describing these and their defects, we 
have given three scries of diagrams in Figures 12, 13, and 14. 
The first of each, marked A, is a sketch of the objectionable 
structure; the second, B, represents, in an exaggerated man- 
ner, the effects resulting from a weight placed eccentrically; 
and the remaining diagrams illustrate methods of remedying 
the defects. 

The last series, Figure 14, requires particular consideration. 
The first modification of it, C, is too often employed as the 
bracing of bridges, etc. "When the weight is placed eccen- 
trically, it is supported on the principle of Figure 11. It will 
be readily seen, therefore, that when thebridgo is long in pro- 
portion to its depth, and nearly one-half of its length, 5 e, is 
loaded, a great force will be brought against the point a, and 
a very moderate motion of a, or shortening of o a, will produce 
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4 INSUFFICIENT FORMS. 

h considerable depression of the portion at d. Hence this can- 
not be admitted, as a suiliclently braced form, for any but short 
spans in conjunction with considerable depth of framing. The 
second modification, D, on the contrary, is an excellent form ; 
in it the principle is quite different ; for whereas in the form c 
an eccentric weight is supported wholly {theoretically speak- 
ing) by one abutment, in this each abutment contributes sup- 
port in a degree inversely proportional to the distance of the 
weight from it. Of course, any of the completely efficient 
bracings, Figures 5, 6, and 7, for a four-sided compartment, 
may be introduced. The design E is suited to obviate the 
particular change shown in B, but it is not braced ; other con- 
tortions may take place, from the longitudinals approaching 
nearer to one another. 
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Part tlje Jtrst 

THEORY AND DATA. 



ON THE DOUBLE-ACTING OR TRIANGULAR METHOD OF 
BRACING.* 

To develop this method, let ns take the comprehensive ease 
of two parallel beams requiring such bracing between them as 
shall prevent anjt change of form in the structure that might 
result from the action of any forces whatever thereon. 

To satisfy this requisite of permanency of shape, the most 
efficient methods at present in general use, are, in carpentry, 
those shown by Figures 15 and 10 ; and, in iron-work, those of 
Figures 17 and 18. Figure 19 gives the best design for cast- 
iron beams, etc., when of one piece. 

These are, no doubt, sufficiently strong and effective as brac- 
ings ; but there is, Figure 19 excepted, far more both of mate- 
rial and workmanship used than is absolutely necessary, not 
only causing needless expense directly, but often also indirect- 
ly, as the excess of weight above what is imperatively required 
may necessitate the provision of a great deal of additional 
strength in the structure, simply to bear it; and this, in the 
case of bridges, would have the effect of considerably diminish- 
ing the length of span attainable. 

Let us now consider the method of bracing shown by 

*TMs method is founded on the simple braced element shown by Fig. 
7. But the insertion of the chapter is warranted by the further elucidation 
it affords of this most important subject. 
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f) DOUBLE-ACTING 01! TKIAKGULAR HKACrXG. 

lupine .15. Here, as the forces may vary in their direction, all 
the diagonals require to be strutted ; but suppose that the ends 
of one of these diagonal Btruts (say a, h) are so jointed that the 
strut may be enabled to aet also as <i tic-bar ; such being the case, 
the other strut (c d) of the parallelogram (acid) is no longer 
required, for when it would have been of use, the modified one 
{a b), by acting as a tie, is now a sufficient substitute. Giving^ 
then, to one strut of each parallelogram the power to act either 
as strut or tie, and doing away with the remaining one, the 
braced structure becomes what is seen in Figure 20 or 21, ac- 
cording to the order of procedure. In the figures, the upright 
pieces are also represented as fitted with the double-acting 
joints, so that the iron tie-bars or straps, seen in Figure 15, 
would be superfluous. In Figure 20, the upright pieces are 
unnecessary in the bracing, as the point a is fixed in position 
by the braces a b and ae ; doing away, therefore, with the up- 
right pieces of Figure 20, our braced framing becomes what is 
shown by Figure 22, which is the method of bracing advocated ; 
and Figure 21 is evidently a variety of it. Figure 22 might 
have been deduced from Figure 21 by merely altering the in- 
clinations of the braces, producing an arrangement that would, 
in most situations, be more efficient. 

Figure 22, then, is an- effective bracing, capable of resisting 
a change of form under any disposition of the pressures to which 
it can be subjected ; and yet, compared with Figure 15 (which 
is the most generally used design), how simple and light ! The 
weight, of material may be roughly estimated at one-third (the 
beams braced, of course, not being included) ; and as to work- 
manship, the saving in that may even be greater, and suscepti- 
ble of much more perfect execution ; and the parts may be made 
removable for repairs with the greatest ease and safety, which 
is a matter of primary importance when wood is the material 
employed ; at the same time, the liability to decay and failure 
is considerably lessened by the nature of the joint to be used, 
and by their diminished number. 
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THE ACTION OF THE BKACINfl. 



The following view of the action of a bracing will often be 
(bund useful, in investigating tlie pressures brought into 
action : 

In all braced structures, though two longitudinal pieces, at 
least, are necessary, yet one only of the'se may be considered as 
the primary member, all the other parts being looked upon as 
the means of bracing. Thus, for example, in Figure 23, the 
beam ah requires bracing; arrange, then, as shown in the fig- 
ure, a series of pairs of braces along it; each of the triangles 
ad n, nee, etc., is- thoroughly braced, and may, therefore, be re- 
presented as solid plates. Now, the application of weights to 
the beam, ah will give it the enrved appearance represented in 
Figure 24, and this change is necessarily accompanied by the 
approachment of the apices, d, e,f, g, of the braced elements to 
one another, and the dotted lines, which were vertical in Fig- 
ure 23, become here radii of cuiwature. If we prevent these 
changes by the insertion of strut-pieces between the apices, as 
seen in Figures 25, 26, etc., a braced structure will be produc- 
ed. And when the braces are applied beneath, or when the 
upper beam is considered as the braced member, the intervals 
between the apices, on the addition of weights, would tend to 
increase, which must therefore be counteracted by the applica- 
tion of ties, as seen in Figure 27. 

The action of bracing upon flexihle arches, when viewed in 
this manner, becomes very evident ; and, as this is one of its 
most important applications, it deserves particular considera- 
tion. In Figure 28, PnQ represents a flexible arch. When 
a load is placed on the crown, that, of course, is flattened and 
depressed, and the haunches are raised and further bent ; and 
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8 CLASSIFICATION OF STRUCTURES. 

when the weights are placed on the haunches, opposite motions 
and effects ensue. Now, the arch may be broken in two ways : 
either from being so unequally loaded that a part of it is rup- 
tured by being too much bent, or, when the arch is so braced 
as to be retained in its proper form, it is crushed by the 
pressures transmitted along it ; the load required to destroy the 
arch in the latter manner is very much greater than is suffi- 
cient in the former ; hence the great utility ot bracing the flexi- 
ble arch. 



In investigating the application of bracing to a great varie- 
ty of structures, the work will be much simplified by arranging 
them into different classes, though one class may, in reality, be 
but the extreme of another. Adopting this plan, and commenc- 
ing with the simplest forms — 

The First Class that claims our attention is that exempli- 
fied by Figure 29, being two parallel beiinis with the bracing 
between them, the whole acting as a girder. This, with the 
triangular bracing, is an excellent design for bridges, and also 
for the longitudinal framings of roofs, steamboats, etc., and for 
scaffolding and other framings. 

The Second Class comprehends all structures that act on 
the girder principle, but which have not the longitudinal beams 
parallel. The designs shown by Figures 30 to 34 are included 
in this class. In the first division of these- — viz., 30-32 — though 
less material may be required than by Figure 29, that advan- 
tage will sometimes be more than coiinterbahmced by the in- 
creased difficulty of execution. The second division, compre- 
hending Figures 33 and 34, consists of structures not requiring 
Imc.ing, as that is defined at page 1 — the external form, with- 
out addition, being a braced one ; but, when large, they require 
trussing, and though they do not, therefore, come strictly 
within the province of this treatise, yet, as the simplest form 
of trussing tliat can be introduced is exactly that of the .sim- 
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SYMBOLS EMPLOYED. 

plesfc bracing, with this difference, that the parts arc required to 
act in only one capacity, we may be excused for introducing 
them. Figure 313 is a design now much used for iron roofs; 
the reverse of this, shown by Figure 34, is an excellent design 
for a rigid suspension bridge. Tiie author has never seen the 
latter employed with more than three supported points. Of 
course, to secure rigidity, the sides of the triangle must be 
maintained straight lines. 

The Third Class. — The structures included in this class 
are those which derive their strength from a single braced arch. 
Figures 35 to 42 are examples. These may be divided into 
three sub-classes— -first, those having the bracing arranged 
along the intrados, but which have not the arches tied, as 35 
.and 3(i; second, those which arc braced internally, and have 
the arches tied, as 37 and 38; and, third, those which have the 
bracing along the cxtrados, as 39 to 42. 

Tiie Fourth Class consists of arrangements of two or 
more parallel, or nearly parallel, flexible arches, each contribut- 
ing its share of support, and the whole, by the introduction 
of bracing between them, acting, in a great measure, as a single 
deep rigid arch — Figures 43 and 44. 

TABLE I. 

TABLE OF SYMBOLS USED IN TIIE FOLLOWING PAGES. 

w ~ Weight at each loaded point of the span. 
N = Total number of weights or points. 
W = H w = Total load. 
s = Distance between the weights or points. 
S = N" s — Total length or span. 

P = Pressure acting in a given line, a 1j— -see Figure 45. 
V = The vertical element or component of pressure P, = he. 
II = The horizontal element of pressure P, = a C. 
~ £ ah c = The angle at which the given line, a h, is 
inclined to the vertical, h c. 
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LXYlSTTGATIOIf OF CLASS I. 

i) = £ I a c = The angle at which the given line, a b, 
inclined to the horizontal line, a o. 

P = V see. = 11 sec. <p = ^/a'+Vt) 

V = P ~ sec. 6 = P. sin. g> = P cos. = II tan. <p. 

II = P -j- sec. <p = P sin. = tan. f. 



ON THE PRESSURES THAT" HAY BE BROUGHT INTO 
ACTION IN CLASS FIRST. 

The best process forarriving at the amount of the pressures 
tjiat may he brought into action in the several parts will be, 
first, to get the effects produced by each portion of the load 
separately, and then to find the maximum strains that can be 
produced by any arrangement of the weights ; for the strains 
are not all the greatest when the whole length of the structure 
is loaded, as, by removing the weights from some of the points, 
the strains in some of the braces may, it will he seen, be in- 
creased. As an example of the method pursued in calculating 
for the results given in the following table, let us investigate 
the forces arising from one weight = w, placed, at the point 4 of 
Figure 40. As the support contributed by each pier (from a 
property of the lever) must he inversely as the distance of the 
weight from it, the pier Q will support \\ w, while the other 
pier, P, supports the remaining portion, of the weight, £ s w. 
The vertical pressure, -} J- w, has therefore to be transmitted, 
through the bracing, to the pier Q ; the real pressure, P, induc- 
ed in the brace h will therefore he = j| w. sec. £ j 5 B, = f| w. 
sec. 0, and by means of that brace, the vertical clement, V= 
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EXAMPLE OF THE METHOD OP INVESTIGATION". II 

J-J w, is impressed on the point h. This point must be borne 
up by the brace w, which is consequently stretched with the 
strain of \ \ w. sec. 8\ this is next transmitted through the 
brace c, and so on, till it is finally impressed at Q. The other- 
portion of the weight, in like manner, causes strains of T 7 ¥ w. 
sec. 8, in all the braces from the point 4 to the pier P, of com- 
pression in those which arc inclined in the same way as brace 
s, and of tension in those inclined in the opposite direction. 
Proceeding in this manner, for each weight, we obtain the 
quantities marked against each brace in Figure 47 ; those written 
on the left side of the brace denote the strains of compression, 
and those on the right the strains of extension, which take 
place in the brace when the bridge is uniformly loaded, each 
number being the co-efficient of T " s . sec. 8 ; of course, when two 1 
opposite pressures would act in a brace, the resulting strain, in 
the brace, is their difference ; thus in brace 5 j, the strain, for 
a uniform load, is (-J- 25 — 16). -f x sec. 9 = f sec. 0, which is -f 
or a compressive strain; in this way the quantities in column 
second of Table II. are found. But referring again to the 
brace 5 j, we see that the tensive forces arc produced by the 
weights 1, 2, 3, and 4 ; consequently, if these be removed, the 
full compressive strain of 25 -j, see. 8 will act in the brace, 
which is the maximum strain of compression that can possihly 
be induced in it by any disposition of the weights; on the 
other hand, if all the weights, excepting those at I, 2, 8, and 4,. 
be removed, there will be no compression induced in the brace 
5 J, and therefore the total tensive strain of 61-^ sec. 8 will 
come into play; and this is the maximum of tensive strain that 
can take place in it ; in this way the third and fifth columns of 
the table arc calculated. 

The maximum strains are those we have to attend to in 
fixing the strengths of the braces and of their joints ; thus, in 
brace w, it is a tensive strain we have chiefly to guard against, 
whereas the required tensive strength of the brace h is very 
moderate, but it must be capable of withstanding four times a& 
great a compression. 
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FORMULAE FOR THE MAXIMUM STRAINS. 



1. 


2. 


3. 


4. 


5. 


6. 


.,«.. 


Straine when 
nil the 


Minimum ropi 
LoSdfng. 11 


Weights re- 
duce the Strains 
in Column 3. 


Maximum Ten- 

si'.v Strain i.y 


WefeMsre- 

mi!>-i.-..[to?Mi- 
rtiicii l.liii MlrniD 
in Column 6. 


a 
b 




-81 
-68 

-45 
-27 
- 




-81 

- I.U 
■ !9 
-36 
-25 


Ml on. 
1. 

1,9. 
1, 2, 3. 

1,2,3,4. 


— 4 

— fl 

— 16 


All but 1. 
All but 1, 2. 

l',3',;l,4',3,4. 

r,2',&,4:',a. 


I 


— 

— 27 

— 45 

— 03 




r 16 
r 9 
- 4 
■ 1 


l',2',3',4',5. 
l'.2',3',4',5,4 
All but 2, 1. 
All but 1. 


— 25 

— 36 

— 49 

— 64 


1, 2, 3, 4. 


The numbers in the Table are the co-efficienta of ^. sec. 0. 
= J?, sec. 0, here, as N = 9. 



From tlie foregoing and similar data, the following formulae 
are deduced, the load being applied above : 

The maximum compression of the last brace (1 Q, Figs. 46 
;and 47) is = if£? w. sec. 6 = 5. vs. sec. 6 = H sec. fc>. 

The maximum tension in m 1, and compression in 2 mi, = 



The maximum tension in I 2, and compression in 3 I, = 

And putting n to represent the number of the pair of 
braces as counted from the pier, along the lower beam, the 

general formula will bo -r^- w. sec. 9. 

When N is even, the formula for the central pair of braces 
will be (N-^-) w. sec. 6 =\w. sec. 6 = ™ sec. tf. 
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STRAINS IN THE LONGITUDINAL BEAMS. 13 

Carrying the calculation beyond the centre, we obtain the 
maxima of the other strains that can act in the braces. 

We see, then, that the extreme braces require to be four 
times as sf.n nig agniust compression as is necessary for the cen- 
tral ones, when N is even, and very nearly four times when N 
is odd and large. And starting witli the value ™ sec. 0, at the 
centre (supposing X even), the tensive strains in the braces 
parallel to a, Figure 46, gradually diminish as they approach 
Q, where they vanish, but increase as they approach P, where 
the last amounts to (N-1) J ~ sec. ; and in these braces the 
compressive strains are also = ™. sec. 6, at the centre, but gra- 
dually increase as they approach Q, where they amount to -j- 
sec. 8, and diminish as they approach P, where the compres- 
sion in the last is only -^ sec. 0. The strains in the braces 
parallel to s, of course, diminish and increase in the opposite 
directions. 

N.B. — These maxima are obtained on the supposition that 
the whole value of w may be removed from any point, but, as 
the weight of the bridge itself is included in "W", and cannot be 
altered in its distribution, the effect of uneven loading, as 
given by the above formnlse, will be rather exaggerated, parti- 
cularly towards the centre of the span. 



The maximum strains of the longitudinal beams take place at 
the centres of their lengths, where they amount to* ,^- -j = ^,-W, 
1) being the depth of the framing. This amount of strain is 
compressive in the upper and tensive in the lower beam. The 
strains diminish towards the ends, and at the last lays they 
amount to (* +-^) w.tan. 6 — (N-l) w tan. 9 of compres- 
sion in the upper beam, and to ~ tan. 6 of tension in the 
lower, being the inclination of the braces with the vertical. 

And if n' denote the number of the bay, counted from either 
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14 INVESTIGATION OP CLASS II. 

end, we liave the following formulas for the strains in the lon- 
gitudinals (tho'load being on the upper level, and the terminal 
braces being struts) : 

n' (N — ri) tan. d. w, for the compressions in the upper 
beam ; and 

\n' (N — n') — ~ -(- n'\ tan. 6. w, for the tensile strains in 
the lower beam. 

When the load is at the lower level (and the terminal 
braces; are struts), the strains will be as above, except that, for 
the lower beam, each will be %w tan. 6 less. 

Note. — Turning to Figure 47, we obsurve that, when the weights are 
placed on tlie upper beam, the maximum strains producible in any two 

Urare-: which Jiii-i-t. six the lower brain have equal vertical elements ; thin 
neressari'y result from the lower beam being horizontal ; i;oiisivtp:cn'.,ly, in 
the form of bracing shown by Figure 21, the same equality of the vertical 
dementi must also exist. 

If the load were placed on the lower beam, the foregoing observation 
would apply to each pair of braces which join at the upper beam. The 
formulas, etc., which have been given, an: oakuhUr.il on ths: supposition that 
the luad is applied at tins upper beam, anil •.hey uonUi therefore require to 
be slightly modified to suit the case, of a suspended lead. 



CHAPTER IV. 



ON THE PRESSURES THAT MAY BE BROUGHT INTO ACTIOS 
IN CLASS SECOND. 

As a representative of this class, take Figure 49. Here, the 
distance between the points of support, being uniform through- 
out the span, the angle 6 for the braces is variable. 

The maximum compression of the extreme braces, a c and 
b I, takes place when all the weights are on, and, as half W is 
upheld by each, the strain will be = ^ sec. 0. But the next 
braces will not be strained with so great a tension as would 
take place in a bridge of class first with the same depth, c n ; 
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CLASSES I. AND IT. COMPARED. 15 

bci:i<jr relieved from a portion of their duty of imposing the 
whole of (N-l) ~. on the points e and I, by the inclined action 
of the tipper beam. This will he made more evident by the 
following explanation of Figures 50 and 51; in these the 
depths at c, and the values of s, are the same, and also, there- 
fore, 6 for the braces. Let a </ represent in each figure the 
upward resistance of the pier, = y, then will a o represent the 
compression induced in the brace ae; resolving a c into the 
directions, 5 e and c d, of the other brace and of the upper 
beam, the tension produced in the brace, b c, is = o b in 
Figure 50, but only = c e in Figure 51. Further, we observe 
that the compressions in the upper beams of the Figures 50 
and 51 are a b and a e respectively ; the tension of the lower 
beam, beneath c, is the same in each, and — go. 

The strains at tiie centres of the longitudinal beams in 
Figure 49 are the same as for a bridge of class first having the 
same depth as it at the mid-span. Let us compare the strains at 
the extremity of the latter, represented by Figure 52, with the 
same of 49, represented by Figure 51. Make a <j the same in 
each, and let it represent ^, then a c will measure the compres- 
sion in the extreme brace ; that in 52 is the least. The tension 
of the lower beams is measured by g c in each figure, and is 
greatest in 51. Resolving «c into the directions a i^and be, of 
is the resulting compression in the upper beam in each figure, 
and it is evidently the least in 52. The resulting tension in 
the brace c b is represented by e e in each figure ; the compa- 
rative amounts are shown in Figure 51 by c e and o v, and c e 
diminishes as the angle a c d increases, vanishing as that be- 
comes = 180?. 

The advantages, then, of a design of class second over a 
similar one of class first having the same depth at the middle 
may be stated as reducing the strains in all the braces, except 
the extreme one at each end (which is rather more strained, 
becoming, in some degree, a continuation of the upper beam)— 
the central ones, however, are little altered—also as reducing 
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TfiUSSED TRIANGULAR FOEMS. 

tlie lengths of the braces towards the extremities; and as 
rendering the longitudinal beams more uniformly strained 
throughout their lengths, being equally so with class first at the 
centre, but more so than in it at the extremities. In fact, as will 
afterwards be seen, this class is a step towards some-forms of 
class third; it becomes identical with them when a c. Figure 
49, forms a continuation of the curve of the upper beam (see 
Figures 37 and 38), or when a pressure is applied at c in tho 
manner of an abutment, in the direction c d, as indicated by the 
dotted arrow. (See Figure 35.) 



Though tho triangular forms, shown by Figures 33 and 34, 
as stated in chapter second, are not braced, and consequently 
do not demand our attention, yet, on account of their utility 
and the reasons there given, we will introduce them here. 

The weight at point 2, Figure 53, must cause equal strains 
in 1 a and 3 a, as the angles 1 a 2 and 3 a 2 are equal, and 1 a 
and a c form a straight line ; so that half the weight 2 is trans- 
ferred to point 3, and, along with the weight at 3, is impressed 
on i, the total weight, -^-, at h is distributed, so that ~ is car- 
ried to 1, and ~j° to point 4 (see note at end of chapter) ; the 
total weight accumulated at point 4 is = 3 w, one w being 
received from each of the points b and d, and this is impressed 
on e, and thence transmitted, equall}-, to 1 and V. 

Now, the rule, derived from a property of the lever, that a 
weight at 2 is upheld by the piers, 1 and 1', in the proportion 
of 5 to 1, holds good here ; for though in the first effect of 
the weight at a only ^- is earned to pier 1, yet at each succeed- 
ing point another fraction will be transmitted to 1, by the rod el, 
until we arrive at the lowest point, t>, where the remnant of ^, 
amounting to y, will be equally divided between 1 and 1', so' 
that T w h"l be the only portion of the weight, w, at point 2, 
which the pier 1' can receive. 

After what has been said, little explanation of the Figures 
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TRIANGULAR STRUCTURES. 17 

55 and 5(S will be required. In these, for tlie Bake of having 
simpler numbers, the length of the side A C is made a multiple 
of the central depth h C. The numbers (co-efficients of w) 

attached to the parts are calculated on the foregoing principles. 
and give the real strains or values of P, winch take place from 
:i uniform loading. In this form of structure, the maximum 
strains are produced when all the weights are on. Of course, 
when, to serve for a roof or other purpose, the design is inverted, 
as .Figure 57, the strains, with very trifling and evident excep- 
tions,* are all the same in degree, but of opposite character. 



Note. — In Figure 54, a weight at b, = w, = ab, is distri- 
buted thus: It is resolved into b e and 1> d; and further 
resolving b d into a horizontal and a vertical pressure, b x is the 
latter, which is, therefore, the portion of w, or a h, that the rod 
b k receives ; and resolving b o similarly, we get o e, = a x, aa 
the vertical, which represents the portion of w home by the rod 
b g. The triangle b x d is evidently similar to the triangle a x 
f\ '.ft a : x d = ax: xf, and alternately, b x : x a= dx:xf. 
But triangle daf is similar to g ft h, therefore the lines a a; 
and b a, drawn from corresponding angles, and at right angles 
with the opposite sides, must divide tiiese sides similarly, there- 
fore d x : xf= g a : ah, and consequently b x : x a = g a : 
a A. The faet that the weight at b is distributed to h and g in 
the proportion of g a: ah might have been anticipated from 
the property of the lever. 

g a : a h = tan g b a : tan lib a. b d = ^fw sec. a b h. 
And b c = ^ h w sec. ab g ; the resulting horizontal pressures 
are, of course, the same for each direction, and arc d x and b e 
= b d. sin ab h. 



'Arising from the weights lieing on the h'iidI sidus, instead of being 
attached to A B, which would hi; the true arrangement in Figure 5G inverted, 
and consequently relieving each perpendicular piece of 1 w. 
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Tp.or.Ki; roioi of akcii. 



We now come to consider the case of a braced flexible arch. 
The form given to the arch should, theoretically, be the curve 
of stability for the fully loaded arch (in the investigations it is 
assumed to be this, so that, in the intern ally -braced arch, no 
action will be induced in the bracing when all the weights are 
on). This curve, in general, will be found to lie between :i 
catenary and a parabola ; but, as the quantity of the curve 
generally used is not great, a circular are may be adopted, as it 
very nearly coincides for almost 120" with the theoretical 
figure. "When an arch of a greater number of degrees is re- 
quired, and the structure is of a light character, it is generally 
iii.lvLsabic to use the parabolic- farm, lint in a traced arch wc 
may depart considerably from the correct curve without much 
■evil; some of the braces might reqnire to be made stronger, 
and a trifling variation would take place in the strains of some 
of the other parts. 

When the load is uniformly distributed on the. arch there 
is no bracing required, and consequently (if the line of pres- 
sures remains in the arch*) there is no action induced in the 
bracing. "When the load is sv^ended- from the arch by means 
of the braces, of course there are tensive strains produced in 
them. 

As, in the investigations, the values of to and s are constant, 
and the weights of the arch and other parts are not considered, 
the curve of equilibrium will be a parabola, or rather will he 
polygonal, having its angles arrange! in a parabola, 

* The curious proper-lie,- wjiidi occasion \\\\s roHtri'.'lion will be found 
mentioned at page 35. 
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IX'IT.ADOSAI, BRACING. 



Tin; A1U;H WITH INTERNAL 



The following i'liiKlainental principle of investigation is 
capable of very general application ; it might have been intro- 
duced in Chapter III., but the method there adopted is a 
simple one deducible from it for that particular case, viz., 
where the longitudinal members are all horizontal. From a 
law of the lever, we know that the vertical elements of the 
pressures upon the abutments, resulting from a weight, w, 
placed at the point c of Figure 59, must be inversely as the 
horizontal distances of c from them ; here, therefore, the pier P 
will boar .75 w, while the pier Q supports the remaining portion, 
.25 w. The vertical pressure of the weight w at c must l}e 
resolccd into the directions c P and.- c Q. the portions of the 
bridge, P b c sand Qfc t, acting as instruments for the trans- 
mission of the respective pressures to the piers P and Q ; in 
acting as such, let us trace the strains produced in the parts. 
The pressure in c P will be resolved into the directions c h and 
c s, and the vertical elements, or the values of V of these two 
pressures, since they both act downwards, must, added together, 
equal .75 w ; the pressure in cs is at s resolved into pressures 
in s P and b $ ; that in 5 s is a tensive strain, and must, since 
s P is horizontal, contain the same vertical element as the pres- 
sure in c s. The resultant of the two strains, in c b and b s. 
conveyed tub, must have tJi.edire.rii on b P, and, possess a vertical 
dement = .75 10 ; for the resultant of the whole, acting in the 
line c P, passes through P, and as the pressure * P is horizontal: 
and passes through P, the remaining component pressure, b P, 
must also pass through P, and must contain the whole vertical 
element. The pressure b P, is resolved into b a and br, and 
br is resolved into r P and ar; the resultant of the compres- 
sion in b a, and the tension in a r, must have the direction 
«P, and contain a value of V = .75 w. The final resultant of 
the pressure in a P, and the horizontal pressure?, arising at the 
points s and r, must have the direction e P, and its vertical 
element = .75 w. Returning to the point c, the pressure in 
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20 IXTEADOSAL BKACI'KG. 

c Q is resolved into the directions c d and c t, and since c d 
acts upwards, the vertical element of c t must exceed Yofcd 
by .25 ic, as that is the downward vertical element of the resul- 
tant to the pier Q ; the pressure in c t is resolved into t Q and 
d t. The resultant of the two pressures conveyed to d, by the 
compression in e d and the tension in d t, must have the direc- 
tion d Q, and contain a vertical clement = .25 w. The resul- 
tant in d Q is resolved into d e and d u ; but we need not 
proceed further in tracing the transmission of the pressures to 
Q: sufficient has been said to explain the principle. "We see 
that (when the lower longitudinal member is horizontal) the 
resultants at the various points of the arch, at either side of the 
weight, are directed, to the -pier or spring of the arch at that 
side ; and all those at one side of the weight have the same 
vertical element or value of "V, which is eventually imposed on 
the pier at that side. 

We will now give, in considerable detail, the investigation 
of a simple example having five points or weights, shown by 
figure 56. Let a weight be placed at the point a, and repre- 
sented by the line w a = 1 ; this will be resolved in the direc- 
tions of the piers P and Q, and the amount of the pressures 
produced in these directions will be = afand am = ao ; the 
vertical elements of these will, as given by the lever rule, be 
— 0.9 and 0.1 or =fn and n in y the horizontal element or 
value of II is the same for each, and = n a. The resultant a o 
is resolved into a Zand at;at=a'g intoy u and ra ; and so 
on throughout. 

Table III. gives the results lor the various parts, from the 
action of one eccentric weight at a. 
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Vertical Elements 
! w Values of V. 


Real Sfra'ns or 

Values of P ™ 

V «ee. e. 




1.000 


1.000 
1.380 
.900 
.803 

.532 
.563 
.580 

— .4304 
.333 
.255 
.105 
.125 

— .101 
.210 
.173 
.071 
.055 

— .0726 
.1118 
.1455 
.0273 
.030 

— .035 
.140 
.099 
.100 




n a — value nf H of each rtsullanl. . 

Pressure in 1 h (moBSnrei] hy al) .... 
in a g (measured by at).... 


.100 

.300 
.400 

— .400 
.100 
.060 
.150 












4r. 

BeeuManl (Q 

«* 


— .150 
.100 
.03* 

.000 

— .000 
.100 
.075 
.035 

— .025 
.100 

.100 




id 


<Ie 


3* 

f 

«& 

Qy 


Horizontal thrust = na — yz = gv,-\-hv-\-iii> -j- j » + Q & 
•' = 893 = .580 + .125 + .055 + .030 -f .099. 



Tables, similar to this, beiiigcoiistnu'ted, one for each w'eiglit, 
it is easy to discover by what arrangement of the weights u 
maximum strain in any part is produced, and the amount of 
that maximum. Thus, taking the brace 5 h. we have produced 





TABLE IV.* 






Real Strains or Values of P 


Values of V. 


By weight a. . 
" &.. 


t:»I \ = + ' m 

— .3074 j 

— .2200 - = — .060 

— .0723 ) 


+ 1 

++I 1 1 
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22 FOBHUL.E for the maximum 

From Tabic IV. it is evident that when the weights a and 
b alone are on, there is a maximum compression produced in 
the brace hh; and when these are removed, and the other 
weights, e, d, and e, are placed on the arch, a maximum strain 
of tension takes place of exactly the same amount. When all 
the weights arc on (agreeably with a ride previously given, since 
the contour of the arch is such as to render it equilibrated 
under the whole load), the compressive and tensive strains 
neutralize each other, and no effect is produced in the brace. 

The maximum compression for any brace is equal to the 
maximum tension for the same ; hence, calculating the com- 
pression is sufficient, as the result is the measure of the neces- 
sary strength to be given to the brace to resist both compression 
and extension. 

At any point of the arch (c, Figure 59) we can easily find, by 
the lever rule, the value of V for each resultant from that 
point to one of the piers (Q), caused by each of the weights (c; 
I, a) situated at and to the other side of the point (it is .25, 
.15, and .05) ; now, the greatest compound resultant that can 
act in the same line, will evidently have the value of V in it 
equal to the sum of the values of V above mentioned (thus, .25 
-j- .15 -f- .05 = .45), and its amount will be V multiplied Ity 
the secant of its angle with the vertical (P = .45. sec. 6). 
Having thus the compound resultant, in value and direction, 
all we have to do, in order to find the maximum strain (= 1.037) 
in the first brace (fit) from the point, is to resolve it into the 
directions of the chord of the arch (<!<[) and of the brace. But 
the following formuhe offer very ready means of calculating the 
necessary strengths of the braces, as they give at once the 
value of V for the maximum strain in each. 

The formula for the end pairs of braces (as a r, r b, andy s, 
s i, of Figure 59) is £. (N-l)= ^- w = V. 

The general formula, putting n to denote the number of the 
pair as counted from the pier, is 

nw. .„ m(N-m) 
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29 



The second column of the following table gives the formula 
for each of the first six pairs of any bridge. The last two col- 
umns contain the results for the case of Figure 59, wherein 
N = 10. 

The values of V for the braces are not altered by a change 
of the rise or span of the arch, while X and w remain the same ; 
hence having calculated the vertical elements for the given 
value of N (as is done in Figures 60 and CI), it only remains to 
multiply each by the particular value of w. sec. 0, in order to 
obtain the strains, or values of P. 



TAELE V. 



Value of n 

iir No. of 
ill,, [Mir of 
Braces. 


Equations for the 


Values of V 

v,I„;h_N Id, 


Tallies ofP = V. snc.9 


1. 


1 (K-1) „ 

2N ' 


0.4o w 


j a r = 0.702 w 
|fl = 0.490 u> 


3. 


3 (N-2) w 
2N 


0.80 w 


(6 « = 0.883 ra 


3. 


3 (N-8) M 

3N 


1.03 hi 


J c < = 1.097 w 
( * (J = 1.085 w 


4. 


4 (»-*> w 

2N 


1.20 w 


j d w = 1.240 m : 
| u « = 1.235 u> ! 


5. 


2N 


1.35 M 


j e / = 1.386 ui 


6 


2N 


1.20 w 


(/« = 1.235 u 
jwff = 1.340 w 


n. 


2N 







Each weight produces compression throughout the arch ; 
therefore the compression will be a maximum when all the 
weights are on. Tbe vertical element of the compression at 
the springing or foot will evidently be the half-load ; and for 
any point, it will be half the load above tbe level of that point.. 
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24 ADVANTAGES OF FIGURE 49. 

Of course, the real compression at any point in the arch is = 
the vertical element multiplied by the secant of 9 there. 

It is scarcely necessary to mention the well -known fact that 
the horizontal element is, for an equilibrating load, nniform 
throughout ;* and that the horizontal thrust for the wholly 
loaded arch is the measure of the maximum compression of the 
arch at the crown. 

The strain in the lower beam, when it acts as a tie to the 
arch, is greatest when all the weights are on ; the tension is 
then uniform throughout the length, and equal to the horizontal 
thrust of the arch, or to the compression in the arch at the 
crown . 

When the lower beam does not act. as a tie f to the arch, 
but simply as an adjunct to the bracing, it undergoes, principally, 
compressive strains, and these arc rendered a maximum for one 
half-length of the beam, when the weights above that half arc 
removed. Under such a loading, the compressive pressures in 
the lower beam increase as they approach the pier at the un- 
loaded side, where the compression may amount to about one- 
half the value of the horizontal thrust for the wholly loaded 
arch. (See Note,) 

Scholium. — Reviewing what has been said, we observe that 
in class first the strains in the braces increase towards the 
extremities, and that there, for the same brace, the tensive and 
compressive maxima are very different in value ; whereas in the 

*When tlie load is not an equilibrating one, the bracos come into 
action, and transmit parts of the horizontal pressures to the piers; but if a 

verticil' sect.ien be made nt any part of Our spun tiiroiiirii tin: arch, bracing, 
etc., then the sum of the horizontal elements, in the various parts of tin; sec- 
tion, is a constant quantity for any one loading. From this property, the 
line, which in the juibscqucnr. pages is called the liitf. of ■pi-MMret), has been 
named, by Mr. W. H, Barlow, the line of equal lorizont'd thrust; it is the 
ref u: tan-, nf all tin; pi-psbHTisb aeti:ig iu the structure, with the exception, 
when the arch is a tir.d one, of the strains occasioned, liy tin; horizontal 
thrust of the arch, in the tie beam. 

f A tied arch of this form is evident li the extreme of the change of class 
first (Figure -)C) into figure ■■!■;) of class second. It might, indeed, without im- 
propriety, have been included as a variety of the latter class. 
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EXTRADOSAL BRACING. 25 

form treated of above (Figures 59, etc.), the central braces are 
those most strained, and every braee lias its compressive and 
tensive maxima equal. Now, there is an intermediate form 
between these two, and its parts will undergo strains of a 
medium character; such is Figure 40 of the second class, and 
it is possible so to modify that form as to secure a very equable 
distribution of the strains, both in the braces and in the longi- 
tudinal members. 

Note. — In the form Figure 50, with the lower beam not 
acting as a tie — when all the loading is on, the line of 
pressures, of course, corresponds with the line of the arch. 
But when the load is only placed on a space at the crown, the 
line of pressures resulting is shown by the dotted line in Figure 
02. Where the line rises above tiio arch, the lower beam, im- 
mediately beneath that part, acts negatively or as a tie; and 
when the line falls within the arch, the lower beam, at that 
part of the span, acts positively, or as a strut, conveying part 
of the compression to the abutment. These observations upon 
the relation between the position of the line of pressures, with 
regard to the arch and the nature of the pressures induced in 
the lower beam, apply universally. Figures 63 and 04 give an 
idea of the positions the line may assume when half the length 
of the arch is loaded. 

THE ARCH WITH EXTERNAL BKACIMG. 

In this variety (exemplified by Figure 05), the line of pres- 
sures for the fully-loaded arch does not necessarily coinci.d<- 
with the arch; for it has been demonstrated by Mr. "W. II. 
Barlow (in an excellent and valuable paper read at the I.O.E., 
July, 1847, a report of which is given in the Civil Engineer 
and Architect 's Journal, Vol. X., p. 211) that the real curve of 
action is that which produces the least horizontal thrust — 
namely, that curve (parabola here) which rises to the neighbor- 
hood of the cxtrados, which is here the upper beam, as shown 
by the dotted line.* 
* The curve or line of jircss'iii'ijs mny nxlfiud beyond the structure when 
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26 ARCHES WITH INTERMEDIAL BRACING. 

Nevertheless, it will be proper to give sufficient stability to 
the abutments, and strength to the arch and bracing, to with- 
stand the press area produced when the central line of action 
coincides with the arch, as such a coincidence would take place 
if the upper part, e, should become injured or materially short- 
ened. If the part c become slightly shortened (from the great 
compression), the crown of the line of pressures will descend 
proportionately. 

Unlike the foregoing case of Figure 37, of internal brac- 
ing, the values of Y for the braces, when N is given, are not 
c;msr;i:U. 



CHAPTER VI. 

ON THE PRESSURES THAT MAY BE BROUGHT INTO 
ACTION IN CLASS FOURTH. 

The introduction of bracing between the parallel, or nearly 
parallel, flexible arches of this class renders the whole struc- 
ture in its action a single rigid arch. The dotted line in 
Figure CO shows, as stated in last chapter, the line of pressures 
(W being all on) as long as the structure remains perfectly 
without change ; but the centre of the upper arch and the ends 
of the lower one, from their compressibility, will become 
somewhat shortened, and from these changes the line of pres- 
sures will sink at the crown, and not descend so far at the 
springings, becoming, in fact, more nearly identical with the 
midway line; it approaches this as the pressures become more 
nearly equal to the ultimate strength of the compound arch ; 
and if one arch he stronger than the other, the line will He 
nearer to it, as it recedes from an arch in proportion to the 
compressihleuess thereof. 

that is b;;ua:d ; but if tiiv parabnla rlpfj ;.!»vo *'ih n;i]ier lieum, the aiUirm 
will punake. in a [irofiortioniits ib.-^ivH!, of the lialiuv of Uii.it nf thi; girder — 
the arch beneath the part being thou in a state of tension. 
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Such arc tlie deductions in theory; but to ensure these, we 
must have a structure far more perfectly framed tlian is 
practicable. Let us see what the shortcomings of practice may 
entail. 

If, at the time of the erection of the structure, or from 
after-causes, such as decay or other damage, the abutments, at 
the different footings, be not all applied with the same accu- 
racy, disturbing causes will be introduced ; and when the faulti- 
ness of an abutment is so great that the arch there is relieved 
from pressure, it becomes only a part of the bracing of the 
other arch, through the spring of which the line of pressures 
must necessarily then pass. From this it is evidently proper 
that one arch should be made sufficiently strong to carry the 
whole load, unaided by the other as such. 



CHAPTER VII. 

Wk will now investigate the; effect of inclination, or the value 
of 0, of the braces, on economy. Let Figures C7 and C8 repre- 
sent two structure?, having the same span and depth of framing, 
and loaded to the same amount. Referring back to Chapter 
III., we find that the strains in, and therefore the necessary 
strengths of, the braces are proportionate to W. sec. 6; and as 
W is here constant, the requisite strengths are proportionate to 
sec. 6. The length of a brace in each figure, since the depths 
are alike, may be taken to represent sec. 0. Let the values of 
see. be equal to h and V. 

The requisite sections * of the braces may be assumed to be 
proportional with the strains, and therefore also with sec. 6, or 

H Of course this is not strictly correct with regard to compressive straina 
{and therefore will be a. very little less than deduced). But while the 

number of sytacrv.s remai us the same, the disparity u'ill not be import ant. 
And in the case of an increase in the number of systems, the more signifi- 
cant error that might, [alii; place will be moderated in practice by the bract's 
being riveted, ho Lied, or t rcnailed together at the crossings. 
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INCLINATION OF THE BRACES. 



as b : h'. The total lengths of the bracings are evidently as 
16 5: 8 I'. 

Now, the total weights of the bracings arc to one another 
in. the same proportion aa the total lengths multiplied by the 
respective .sections, or as 1G b x b : 8 V x b' = 16 J* : 8 b 12 = 

weight of bracing of Figure 67 : weight of bracing of Figure 
68. Or, as a general rule, the weight of a bracing is propor- 
tional with 2 N. (sec. Of, but N — ^ taii j which is proportion- 
ate to a taa e . Substituting this for N, we have the weight of 
the hraciii;/* proportionate to 'T,',;^-, which is arrt.iniiiiv.rii when 
6 = 45°. 

Though the minimum of weight of bracing is arrived at 
when 6 is made = 45°, yet we may vary this ungle consider- 
ably without much increase of the weight, as will be seen from 
Table VI. 

Bnt when, with 9 = 45', the distances be- 
tween the supported points are very much too 
great, the difficulty is not to be overcome by 
Lessening the value of 8 t but by means of the 
intermediate props shown in Figure Oil, or by 
using two or more, sy-s- &■»?,? or ranges of brac- 
ings, as shown in Figures 70, 80, and 87. We 
need only make this remark, at. present, upon 
the theory of systems : tiiat as- the value of -ic 
is reduced as much as the number of systems 
is increased, the total weight of the bracing 
(sup [losing the section to represent the 
strength of a brace) remains the same as for a 
single system; but the quantity of workman- 
ship will be much greater. 



TABLE VI. 
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.JF. BRACIXO. 



But it would be difficult to define the limits of this descrip- 
tion of bracing. In one direction it includes the simple beam ; 
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in another, tlie cylindrical tube, and even hollow spherical forms 
raimot be excepted as varieties of it. Among the more obvious 
eases of its employment, we may mention the feather on a cast- 
ing, the sides of a box, the hull of a ship, and the floor, walls, 
and roof of the majestic tube of Stephenson and his coadjutors. 
It is the bracing employed in nature, and that in all its varieties. 
In the plate and shell form, we see it in the beak of a bird, in 
the bones of the cranium, and in animals with an external 
skeleton, as the crab, etc. ; as a feather strengthening a plate, 
we view it, most conspicuously, in the keel of tiie breast-hone 
of the falcon tribe, and in the spine of the scapula of the land 
mammalia ; and in the form of the tube, we witness it univer- 
sally adapted to the wants of the animal and vegetable king- 
doms — the bones of the extremities, the quills of the wing, 
the humbler grasses, and the lofty bamboo, may be cited as 
familiar examples. We shall, however, confine ourselves to 
the consideration of it in its simplest form, and endeavor 
to compare it with the brace or linear method. 

We have observed above that, to derive the plate from 
the linear bracing, the lateral width must shrink into the thick- 
ness of the resulting plate ; consequently, it has comparatively 
little lateral stiffness, and would readily warp ov -pucker wher- 
ever the compressive pressures were considerable ; fortunately,' 
however, this can be remedied with a moderate addition of 
material in the fonn of featherings, and of easy application in 
the case of the material (malleable iron) winch would generally 
be employed for this kind of bracing. 

At those parts where the tensive strains considerably pre- 
dominate, we may expect to find the plate stronger than the 
linear form, from the following considerations : Let I'igure 71 
represent a bracing of numerous series, and let a tensive strain 
act in a h. Now the strain is only borne by the parts lying in 
the direction of a b ; but when the systems become infinite and 
the whole solid, there are, as it were, two plates — one resulting 
from the braces lying in one direction, and the other from those 
in the opposite one ; and each of these plates serves to bear the 
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strain in a b. And, farther, the direction of a strain is cot 
confined to a particular angle. 

The comparison, then, may be enunciated thus : " The plate 
bracing possesses much greater strength against tensive strains, 
hut less against compressions, than the linear." And, as a 
corollary, we must infer that, generally, the plate form is better 
suited for shallow than for deep bracings. 

The general distribution of material in the plate bracing 
must be subject to the laws regulating it in the other methods ; 
thus, in the first class, the plate must be made more substantial 
towards the extremities ; and in Figure 37 of the third class, the 
central part must receive the greater share of material. Figures 
72 and 73 give an idea of the strains in class first ; the lines 
show the general action of the pressures, and the degree of 
shade produced is an index to the strength required. But 
these diagrams arc. of course, made much simpler than would 
really occur, and they are only adapted to illustrate the action 
of a uniform loading. In Figure 72, at the pier P, the perpen- 
dicular lines indicate that the pressures impressed at a by the 
lines of suspension, shown in Figure 73, are supported from 
beneath ; but at pier Q these are supposed to be received by a 
higher part of the pier from the edge 5, as is done by means of 
the ball-rollers in the Conway and Britannia tubes. 
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Part the Second 

CONSTRUCTION. 

CHAPTER I. 

THE VARIOUS BRACINGS REQUIRED IN DIFFERENT 
STRUCTURES. 

Besides the longitudinal vortical bracings, upon which 
depends its strength to support the loading, .1 bridge requires 
other bracings, and to the consideration of these we now proceed. 

Let Figure 74 represent the skeleton of a bridge, composed 
of two vertical frames. That these may act with effect, they 
must be retained in straight lines, but there is the pressure ot 
the wind, etc., tending to bend them laterally ; this, therefore. 
must be sedulously guarded against ; let us add, then, a series 
of horizontal braces arranged between the two upper beams, 
as in Figure 75. The upper beams are now rendered perma- 
nent in their position, and a roadway may be earned along 
them; the lower beams will be less steady, they may be 
moved by a lateral blast, but, as they undergo a tensive strain, 
they are in a state of stable equilibrium, and consequently re- 
turn to their places. This wriggling motion would, however, 
very soon injure the structure, by loosening the joints of the 
vertical bracings to the upper beams ; such a design is, there- 
fore, inadmissible for a permanent structure; for such, the 
lower beams must be retained perpendicularly beneath the 
upper ones, which may bo effected either by the introduction 
of bracing between them, similar to that used for the upper 
ones, or by the application of oblique transverse braces, as 
shown in Figures 7ti and 77. The first of these methods will 
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be sufficient, without addition, for bridges having moderate 
spans compared with their widths ; while the second may be 
trusted to in any ease, hut, of course, in it the horizontal brac- 
ing employed in the upper part will require to be of double 
strength, as it must resist the whole pressure of the wind. 
The common practice is to employ both of these methods in 
the same structure, and in long spans, if it do not interfere 
with the roadway. The practice is to be commended. Figure 
77. 

The principal recommendation of the first method, when 
used alone, is that it permits of the roadway being placed at 
the level of the lower beams, which is of the utmost importance 
in situations where the bridge spans over roads or navigable 
waters, and sufficient height could not otherwise be given for 
the passage of carriages or shipping beneath. Further, it re- 
quires little expense for parapets, and offers great facilities 
for the addition of a roof, or even of a second roadway, 
along the upper beams. But particular attention must be. paid 
to carrying up the abutments, so that they may offer suffi- 
cient resistance to the outsides of the upper beams. 

In the design, Figure 38, when the rise of the arch is very 
small and the span moderate, and when the arches have a 
considerable width of section (which may bo conveniently 
given to them, if built up with deals, or constructed as tubes 
with wrought iron, as Figures SO and 144), then a single series 
of horizontal braces along the lower, part may be sufficient, 
and the roadway may be on that level. (This also applies to 
class first when the depth of the framing is small.) But when 
the structure does not comply with the above conditions, it will 
be necessary to have a series of braces between the arches also : 
for, as they are in a highly compressed state, a very moderate 
deviation from a horizontally straight lino might bring about 
their rupture.- But horizontal bracing being introduced be- 
tween the arches, the road cannot be carried along the chord 
level ; it must be raised to the level of the crown of the arch,* 
* Unless some new arrangement be made in the design, as in the follow- 
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and the design then becomes that of Figure 37, and the road- 
way will also require bracing. 

Most of the other structures of class third will bo secure 
with two lines of horizontal bracings, and of these Figures 
83 and 42 admit the roadway at the lower level. But when 
Figures 30 and 41 are of considerable span, it will be prudent 
to bestow three series on them. 

In structures belonging to class fourth, each arch will 
require to be braced horizontally, and, generally, the roadway 
also. 

rLATE-MIACING. 

The forms of bridges to which the plate-bracing is more 
especially adapted are the tubular and the segmental . 
Figures 29, 35, 38, etc. 

In the first, there is this important source of economy, 
that each side of the tube is useful in two capacities— first, as 
the bracing against pressures acting in its plane ; and, second, 
as a longitudinal member against pressures acting at right 
angles to its face. In the form, Figure 35, the strains in the 
plate are more uniform throughout. 

In the tubular form, let us consider, for an instant, the 
action under a load, confining ourselves, for the present, to 

iiiff structures. Figures 78 nnd 79, which are examples of the use of plate 
bracing, may be lined when the rise is not great. 

Figure 81 is an arrangement suitable for linear bracings, and there is less 
wufite in it than would at Srst sight appear. The inside arches are kept 
perpendicularly over their chords by the transverse bracing, which occupies 
the central compartment throughout the whole length of the biidge ; and 
miss connecting pieces or braces, throughout as great a length at the crowns 
as can be permitted, retain the outer arches parallel with the inner ones. 
In this design the rise must necessarily be considerable;. 

Figures 82, 83, and 81 show varieties of another arrangement ; it is a 
compound of the first and third classes. The urcli has the roadway sus- 
pended from it by iron rods, and, in 81, it is stiffened by separate; braced 
frames, ]i laced one on either side of it ; bolts are passed through the whole 
wherever the arch crosses a part of the frames ; the rise ':-■■ m:idc sufncLcjir, 
for the roadway to pass beneath the horizontal bracing between the upper 
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the consideration of the bottom plate; this is stretched, but 
it will evidently be more so immediately below the vertical 
bracings, and rupture thereof would commence by the tear- 
ing of the edges. The same quantity of material collected 
into tie-beams, and attached to the bottoms of the vertical 
bracings, would offer a greater resistance; but then, on the 
other hand, an additional horizontal bracing would become 
necessary. Similar reasoning applies, and with greater force, 
to the top plate; and on the determination of which of these 
arrangements is the most economical depends, in a great 
measure, the question of the respective merits, for this case, 
of the plate and linear bracings when constructed of wrought 
iron; for other materials the plate form of bracing is not 
suited.'"" 

The want of uniformity between the strains at the edges 
and those at the middle line of the plate, when it acts as a 
longitudinal member, may be obviated by giving it a slight 
convexity outwards, as in Figure 85. This may be done to 
the top and bottom plates, as, though it weakens them as 
bracings, sufficient strength, as such, will remain to counter- 
act any lateral disturbing influences. But this must be 
looked upon rather as a refinement in theory than a practical 
improvement. 

In the form of Figure 38, the plate-bracing may be modified 
so as to give lateral stability to the arch ; this is shown more 
particularly in the design Figure 78, wherein the plate is 
double. The deep featherings in Figure 79 are designed to 
effect the same object. 

The featherings alluded to at page — may be arranged 
on two plans : first, in perpendicular piece?, as in the Britannia 
tubes; and, second, radiating from each pier, as do the lines of 

"Cast-iron may, indeed, be need for plate-bracing, and, since that form 
of bracing demands comparatively little tensive strength in the material, 
probably vritli good effect, at least where heaviness would not be a defect. 

Coiiiiclerubli; skill must, however, be exercised when the bracing is com- 
posed of many parts. 
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ci.miprcssion in Figure 72; in tins last arrangement they 
require to be of larger section to be equally effective, but, 
besides stiilennig tbe plate, they cany a portion of tlie com- 
pressions to the piers. Perhaps, from various considerations, 
a combination of the two plana would be the best, the feather- 
ings being applied in tbe one manner to tbe inside, and in 
the other way to the outside of the plate. 



CHAPTER II. 

OX THE CONSTRUCTION AND APPLICATION OF THE BRACES. 

When the bracing is poly-systemed, the braces may. be 
arranged on different plans; thus: All the braces of the 
same system, as shown Ivy- Figure 86, maybe in the same plane, 
and the systems so near that the braces touch, notch, or 
halve into one another at the crossings. Or, aa seen in 
Figure 87, all the braces lying in the same direction may be 
in the same plane, and those inclined the contrary way in an 
adjacent plane."* 

In designing the joints of the braces, the following observa- 
tion on the action of the bracing is of such great importance 
that, though indicated in the previous part, we again place it 
before the reader. That part of a pressure, in a brace, which 
is resolvable at right angles to the longitudinal member is, 
when that member is straight, wholly transferred to the other 
brace; and when the longitudinal beam is curved, the part 
transferred is slightly diminished or increased, according as 
tiie curvature is concave or convex towards the braces, when 
the longitudinal is compressed ; and when it is stretched, 
the reverse is the case. And the only pressure resulting in 
the longitudinal is in the direction of its length. 

''■ Or, aa a variety of this second arrangement, suitable to a very broad 
i'lLi^itmiiiul member, there may be Mvirul layers of parallel braces, inclined 
alternately in opposite directions. 
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WOODEN BRACES. 



1. 'Those requiring little or i\o iron. — Braces of tin's 
i-liiirautci' would generally bo used in those situations only 
where iron-wort might tie difficult to procure. The simplest 
kind of jointing for them is that by means of trenails, as in 
Figure 88, or by dovetail notching, as in Figures 89 and 90. 
These methods are very suitable when the braces are thin 
or plank-shaped, as in Town's Lattice Bridge. * But when a 
brace is liable to undergo great compression, its section 
should be nearly square or circular. For braces of a stouter 
character, the Figures 92 to 95 illustrate methods of jointing 
adapted to a longitudinal member constructed in a similar 
way to that shown by Figure 95. Modifications of these 
joints might be easily constructed, capable of correcting the 
length of the brace ; bat such a property is unnecessary, ae 
there is no difficulty in the way of preparing the braces with 
the requisite accuracy. 

2. Those jointed with iron. — The most appropriate way of 
applying wrought iron is in the form of straps, of which several 
varieties are shown by Figures 96 to 101. But generally the 
method illustrated by the succeeding Figures 102 to 117, ot 
jointing the braces by means of cast-iron sockets, is recom- 
mended by the author. These sockets are of two kinds; the 
first, including Figures 102 to 109, requires the end of the 
brace to be of a dovetail shape; the second, shown by 
Figures 110 to 117, to be square-headed. The first is best 
suited to braces formed of a wood that is easily split, the second 
for those of a tougher material. 

The disadvantages attending the braces with the dovetail 
joints are, that they require stronger sockets, in order to resist 
their wedge-action ; and that they might be sensibly lengthened 
by the compressibility of the dovetails allowing the ends to 
draw a little, unless they be wedged very tightly in, which 
would increase the former evil. 

The only remark, since the subject is so fully illustrated by 
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figures, that it is necessary to malic upon the construction of 
the square-headed braces is this : If the joint were formed as in 
Figure 116, there would be great danger of the piece a being 
wrenched oil" by any slight wriggling motion that might take 
place in the brace before the structure was perfected ; it is 
therefore constructed, as shown by Figure 117, so that there is 
no angle at \ which, by acting as the tooth of a crowbar, could 
split off the piece a ; but the slant of h o must be slight, other- 
wise there would be the wedge-action objected to above. 

Figures 109, 111, and 115 are forms of double sockets for 
the case, mentioned in the beginning of the chapter, of the 
braces of the same system being arranged in two planes ; see 
Figure 87. And Figures 102 to 106, and 110 to 112, are forms 
of single sockets, which may sometimes be found useful in 
transverse and other bracings. The other forms are for the case 
of the braces of one system being all in the same plane, as 
seen in 86. 

The braces are retained in the sockets by short screw-bolts, 
either with or without covers. 

The head of the brace and the inside of the socket should 
he coated with some preservative substance, such as a heated 
mixture of tar and pitch. 

One great advantage attending the use of the socket-joint, 
and also participated in by most of the previous forms, is 
that if a brace becomes injured by decay or aeddent, it can 
readily be removed and replaced by a sound one. 

The designs given are calculated for braces of moderate 
dimension's. 



I EON BRiCES. 

To braces of iron the forms that may be given are very 
numerous ; but if we exclude those which do not admit of 
being individually removed, the number will be vary consid- 
erably reduced ; and the best forms of sockets, such as Figures 
] IS and 119, are liable to this objection. 
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1. Cant-'tron braces may have various forms of section, 
either feathered or tubular ; but those of the latter kind are not 

removable. The design 124 is an excellent one ; it possesses 
every desirable property, especially that of the pair of braces 
interchanging their pressures without the intervention of the 
longitudinal, the advantages of which were pointed at in the 
second paragraph of this chapter. But it cannot, without 
modification, be applied to a longitudinal member of the tubu- 
lar class, as the bolts must not be inserted from the inside of 
the tube, for, should one break, it could not be easily replaced. 

When tubular forms of the longitudinals are used, whether 
of cast or wrought iron, they must be furnished with sufficient 
featherings, single or double, to which the bracings are to he 
attached : the leatherings may be placed either longitudinally 
or transversely. 

Figures 125 and I2G show modifications of Figure 124 
when it is connected with a tube. But when braces are ap- 
plied to the sides of a longitudinal feather, the designs shown 
by Figures 132 and 134, which are suitable for the arrange- 
ment shown in Figure 87 of a poly-systemed bracing, possess 
considerable advantages. 

2. Wrought iron braces may be of round or rectangular 
section, or rolled with a section possessing greater strength 
against compression, or they may he constructed of thin plates, 
strengthened by angle iron, or by being formed into pipes. 
Braces with solid ends may be jointed, as shown in Figures 
131 to 134, for cast ones; but those with thin and broad ends 
will be most effectively joined to the main beams by being 
riveted to a projecting feather thereon (Figures 135 and 130). 

On the subject of the respective merits of east and wrought 
iron as the material of the bracing, the only general remark we 
shall make is that for very long braces the former, and for very 
short ones the latter, kind of iron is to be preferred.'"' 

[* Wrought iron may, however.be very properly employed for great 

Irusrdis, if formed imo tiling, or oihtsrwise braced, uspiX-Lally wkrn lig'ht- 
iiets ]f :t coiiKi'.k'riiticsi. 
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ON THE CONSTRUCTION OP OTHER PARTS OF BRIDGES. 

As the contents of this chapter are in a great measure 
supererogatory, the meagrencss of the account of sucli im- 
portant subjects needs no apology. 

WOODEN BTBUOTUBEB. 

The longitudinal members. ---When these arc too long or 
too much curved to he formed of one piece, the best construc- 
tion is to build them up with planks, vising comparatively thin 
ones when the part is to act as a tie or is an areli of moderate 
radius, and thicker planks or deals when the part is straight 
and only subject to compression. In the latter case, care must 
betaken to bring the butting ends into forcible contact; in- 
deed, it might even be advisable to place in the joints thin 
wedges of hard wood or iron, which could, when needful, be 
tightened up to the proper degree. But in arches formed ol 
thin planks, if eare be taken in the construction, the wedges 
may be dispensed with; the purpose will be effected, in 
a great measure, by the great friction, and this may be further 
increased by coating the planks with a hot mixture of pitch 
and tar, or by placing in all the joints a layer of strong brown 
paper dipped in boiling tar (as used by "Messrs. J.'& IS. Green 
in their laminated timber arches); but the most important 
benefit arising from this treatment is its preservative effect by 
the exclusion of moisture.® The friction here mentioned is 
also of great importance from its stiffening effect, rendering the 
arch, when sufficient, equivalent to one of whole timber ; it 
primarily depends upon the compression induced by the screw- 
bolts, straps, etc., that act upon the arch in the direction of its 
radius ; these, therefore, should be numerous and well tight- 
ened up. When brace-sockets are employed, the bolts conneet- 

*Or, tlie planks being dressed with tlie plane, white-lead paint may \io 
siBCti, as in building large masta. 



c, Google 



40 THE SPRINGING OF THE ARCH. 

ing them with the arch contribute to this cud, and, of course, 
effect a corresponding saving; these bolts, with the addition of 
screw-bolts, such as shown in Figures 138 to 140, would con- 
stitute a good arrangement. Trcnailing forms a cheap addi- 
tional means of stiffening the arch, but renders the removal of 
a plank, in the event of its becoming decayed, an almost im- 
possible operation. 

Figures 141 and 142 show an American method of drawing 
the planks together; by the use of these dovetail-gibs and 
wedges and trenails, a stout arch may be formed without the 
aid of iron. 

For the case of Figure 38, the arch should have a broad 
section, and then it might be expedient to use more than one 
system of braces ; a section of such an arrangement as is meant 
is shown by Figure 144 (see also foot-note, page 35). 

The spkisging of a tied arch is a part that demands great at- 
tention. The most perfect arrangement is that which distri- 
butes the thrust of the arch equally over the section of the tie. 
Hence the method of Figure 146 is perhaps the best for an 
arch and tie of the nature shown ; each of the iron steps is fixed 
to its plank of the tie by numerous screw-nails. Figures 14S 
and 149 are methods for the case of a laminated arch with a 
tie beam of a broad and thin section. 

IKON" STKUfMUKES. 

The lower beam should be constructed of wrought iron ; the 
upper one may be of either kind, and. generally speaking, the 
tubular will be the best form that can be given to it, for which 
form wrought iron, as a material, is perhaps the more; prefer- 
able ; but is the more difficult of the two to manage when the 
member is of the arched form, as the whole must be put to- 
gether on the ground and thence raised with powerful tackle, 
or the riveting must be performed, with great inconvenience, 
on the centring. 

The springing of a tied wrought-iron arch may be formed, 
as shown in Figure 150, by surrounding the end with strong 



a by Google 



THE FIHST CLASS. 41 

angle-iron, which is then riveted to the flat end of the tie; or 
by inserting the foot of the arch into a cast-iron socket, as is 
done with the wooden one in Figure 148. A cast-iron arch 
may have its terminal pieces formed, as in Figure 151, with 
solid expanded soles, bolted down to the tic. 

For untied arches a common cast-iron socket, with its bear- 
ing against the abutment expanded and normal to the arch, 
will generally be sufficient. 



CHAPTER IV. 

SUPPLEMENTARY. 

It is not here intended to institute a comparison of the 
merits of the various designs, as that would demand a very 
large space, depending so much, as the excellence of a structure 
does, upon its adaptation to the particular combination of the 
requirements and circumstances of situation in which it may 
iie assumed to be placed; such an extended enquiry would be 
more appropriate to a treatise on bridges. But we shall reca- 
pitulate a little, and add anything that may suggest itself as 
closely connected with the subject of the work, but which came 
not conveniently under any of the foregoing heads. 



Though the first class maybe surpassed in strength by those 
wherein the arch is used, it possesses many advantages in other 
respects ; foremost of these is its simplicity, offering easy con- 
struction ; there is great uniformity of parts, which, especially 
when east iron is employed, may be a source of economy; it 
admits of a roadway at either level, without interfering with the 
horizontal bracings, of which only two series are necessary; it 
exerts no horizontal thrust ; and, as practised by Mr. Stephen- 
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son, with the tubular bridges, it may be put together at some 

convenient spot, and thence removed in a nearly complete state 
to its permanent site; or, if erected there, only a very simple 
and inexpensive scaffolding will be necessary. 

The form, of which Figure 152 is a transverse section, may 
be considered as a variety of the first class; in it the main 
braces require to be longer; the horizontal braces are also 
necessarily longer, but this renders them more powerful; its 
advantages are, that by concentrating the upper beams into 
one, their joint strength against compression will be in- 
creased; that one scries of horizontal braces is snilicient ; 
and that it may be roofed in at very little expense. 

Speaking generally, the internally-braced arches are su- 
perior in strength to those with external bracing; the ad- 
vantage attends the deepening of the bracing towards the 
mid-span. 

When a structure of class fourth lias the arches parallel. 
it may possess the recommendation, when cast iron is em- 
ployed, for the bracing, of uniformity of the castings. 

The method of connecting the braces to the main beams 
by means of trenaillng may appear very rude, but it is ca- 
pable of producing considerable strength; and, as it may in 
some situations be a convenient one, the reader is referred, 
if unacquainted with better data, to a table of the strengths 
of trenails, given in the last edition of the "Encyclopaedia 13ri- 
tannica," art. " Shipbuilding."' 

We are not aware of any satisfactory experiments having 
been made to determine that strength of timber which arises 
from the resistance to severance by the sliding longitudi- 
nally of a part of the material, upon which primarily depends 
the strength of the socketed wooden braces against a tensive 
strain. This strength or resistance to severance will be in- 
creased in the dovetail form by the lateral compression, but 
it may bo lessened in the square-beaded variety, if care be 
not taken to obviate any splitting action— that is, any force 
acting so as to wrench the fibres separate. 
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The following observations arc made in order to show the 
applicability of tho forninlie to the forms of bracing seen in 
Figures 15, 16 or 17, and IS : In Figure 15, if a weight he 
placed at c, the portion of it which must be imposed on the 
pier to the left side will not influence o T> or I a, as i a cannot 
act the part of a tie. It is therefore conveyed by cd,da, etc. : 
and through these parts would, in like manner, pass the 
strains arising from all the weights placed to the right of e, 
which would ultimately arrive at the pier to the loft side. 
When all such weights arc alone on, the strains in erf and da 
are maxima. A similar course would be pursued by the strains 
in the bracing of Figure 21. The effect of the portion of the 
weight at c, which is to he supported by the pier to the right, 
must flow through the strut, and not through cl>. Thus it is 
readily seen by what loading the strain in a part is rendered a 
maximum, and also tho formula by which its amount will be 
given, after substituting the proper values for the symbols. 

The bracing must be continued throughout the length of the 
structure. This will be clearly seen by inspecting Figures 15.'! 
and 154, which show changes that may take place when only a 
part is braced. 

An arch may be employed without having the bracing ar- 
ranged along its iutrados or extrados ; it may be stiffened by 
being connected with a braced structure of class first. Figures 
N2, S3, 81, 155, and 155 are illustrative of this compound ar- 
rangement. In the arch, the radius of curvature may be made 
to diminish more rapidly in approaching the crown than if the 
curve were a parabola, as it is principally required to aid the 
class-first portion at the mid-span. The maximum strains in 
the parts of the class-first portion will be very much reduced 
by the addition of the arch. Figure 150 is a good design for 
very large structures, as it permits of the roadway being at the 
lower level, and as then the horizontal bracing between the 
upper beams would be sufficiently high ; the arch and each of 
the straight longitudinals will require horizontal bracing. 

In class first a saving of half the scantling at the centre of 
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the main beams might be effected, if a pressure of exactly \~. 
were made to act tensively at each end. of the upper beam, and 
compressive!}- at the ends of the lower one ; for then one-hail' 
of the load would be borne up on the principle of the girder 
supported at both ends, while the other half would be upheld 
on the principle of a projecting beam fixed at one end and 
unsupported at the other. The strains in the longitudinals 
would be subject to a peculiar arrangement. Their maxima 
would occur at the mid-span and at the extremities, and would 
be = ~, or half what would otherwise take place at the 
centres, and the strains at the extremities would be tensive 
should that at the centre be compressive, and via: versa; and 
at the points midway between the mid-span and the extremi- 
ties, where the strains change their character, the longitudinals 
would of course be free from all action. Advantage is taken, 
to some extent, of this compound action in the Britannia 
1 '.ridge, by the method pursued in uniting the tubes over the 
central pier or tower. 

The following observations are an extension of a principle 
employed in the latter part of Chapter Y., Fart First. Lei 
Figure 01 J represent a portion of a voussoired arch; now, it 
the line of pressures, from not being capable of conforming to 
the curve of the arch, rise above it at a, as shown by the dot- 
ted line, the joint ah will open at h. But let us suppose the 
joint at h to become solid, or that it is made good there by 
means of bolting, the line may then rise above a or any joint 
sufficiently united at its lower point ; and might also sink be- 
low a part of the arch, were the upper points of the joints 
tied. This is the transition condition between an arch and a 
girder action ; it is that in which a cast-iron (or other continu- 
ous rigid) arch may be placed by an uneven loading too severe 
for its depth of section. "When strengthened by bracing, the 
joints cannot open, as the voussoirs are then prevented chang- 
ing their proper radial directions. 

The strains in the several parts of Figure 31 will be exact- 
ly the same in amount, but of opposite character, with those in 
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Llic corresponding parts of Figure 3S. And generally, what- 
ever has been said with regard to the comportment of the line 
of pressures in the braced erect arch applies, in a reversed 
state, to the curve or line of tensions in the braced inverted 
arch, or rigid suspension bridge. 

And here the writer would almost Ik: induced to speculate 
upon the possible, extent to which bracing might he employed, 
imagining structures wherein each brace would offer in itself 
no contemptible example of braced construction ; but lie re- 
strains himself, deeming the opportunity objectionable for such 
suggestions. 
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APPEND I.X . 



When the printer had made considerable progress, and 
consequently when it would have been very inconvenient to 
notice it at the proper places, I observed, at page 391 of the 
(,'ivil Jiiigineer and Architects' Journal for December, 
1850, an account of the failure of a girder bridge in which 
the triangular method of bracing was employed. I was not 
previously aware of a patent having been granted for any 
structure employing the method, however imperfectly. 

The instance of failure of the structure of which I speak 
offers an opportunity of employing the results obtained in 
Chapter 111,, Part First. I will, however, merely outline the 
application, as it is a very simple matter : The braces, on ap- 
proaching the piers, ought to increase in strength, as seen in 
Figure -IV. In th.it figure, 1 m will represent the fractured 
brace; it had to undergo a very great tensive strain, but was 
made o^ cast iron of no greater section than the central braces ; 
it — and we cannot wonder at it — broke. The great virtual 
loading impressed on the point 2 by the brace I 2 being thus 
left to be upheld by the transverse strength of the upper longi- 
tudinal part, that part became fractured near the said point. 
The remaining fracture probably resulted from the direct 
action of the load on the portion left projecting. It is not 
stated that any further breakage took place ; if none did, the 
circumstance may be explained by the peculiar construction of 
the "girder." The lower longitudinal part, which was com- 
posed of wronght-iron chain-work, though it could not give 
aid in supporting the point m, while it continued quite hori- 
zontal, offered, after the failure, sufficient to uphold the wreck ; 
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and the terminal braces of what remained as a "girder" 
proved sufficient for the diminished load and span. 

The writer of the article suggests that the accident would 
have been averted, if the lower longitudinal part had been of 
cast iron, and all cast in one piece. The longitudinals require 
very great strength at the mid-span; consequently, if of cast 
iron, the lower one would demand a very large section there 
to resist the great tensive strain. But let it not be supposed 
that I approve of the mixture of cast and wrought iron as 
managed here. The danger of the combination lies t in this: 
that the elasticity of the wrouglit-iron tie may be so great as 
to allow the points {say,; and h, Figure 47) of the braced ele- 
ments to separate further than the elasticity of the upper east- 
iron longitudinal can permit without fracture (at point 4). 
If, however, the upper longitudinal member be jointed at each 
of the points, 2, 3, 4, 5, etc., the latter danger will be provided 
:e_I..ii]?L 
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D. Van Nostband, 

23 Murray Street & 27 Warren Street, 
NEW YORK. 



Weisbach's Mechanics. 

New anil JCerised Eiliti.on. 
Svo. Cloth. $10.00. 
A MANUAL OF THE MECHANICS OF ENGINEERING, 
and of the Construction of Machines. By Julius Weisbaoh, Pit. 
1>. Translated from the fourth augmented and improved Ger- 
man edition, by Eckley B. Coxe, A.M., Mining Engineer. Vol. 
I. — Theoretical Mechanics. 1,100 pages, and 902 wood-cut 
illustrations. 

ABSTRACT of Contests.— Introduction to the Calculus— The General 
I'rincii'L-.J of AI.ui!li:ii:.iij.i-- Phriroiinrik's, iji ilin ]'ui.v!y ."MatliL'Tiiiilicjl The-.iry 
of Min.ion — lIoelnmiiMi, or the (ti.-ihtJ ]'!iy *;<■;■.] TVory of "Motion- Statics of 
lii,;-i-"i Jj'i'lit.-s— Th« Application of StiLtit.'s to Elasticity and Strength — Dynam- 
ics of Kiind Bodies —Statics of Fluids -Dynamics of Fluids — The Theory 
of Oscillation, etc. 

"The present edition is an entirely new work, greatly extended and very 
nmcli improved. It forms a text-book which must find its way into llio kiml*, 
not only of every student, but of every engineer who desires to refresh his mem- 
ory or acquire clear ideas on doubtful points. 1 ' — Manufacturer and Builder. 

" "We hope the day is not far distant wlien a thorough course of study and 
o..l:i'Mi-ioii as such shall be demanded of the practising engineer, and with t.bis 
view we are glad to w f^ 1 ■ ; ■ i t r ; u tliia !r:ms]:ti,ion to our tongue and shores of one 
of the most able of the educators of Europe." — The Technologist 
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Francis' Lowell Hydraulics. 

Third Edition. 

ito. Cloth. $15.00. 
LOWELL HYDRAULIC EXPERIMENTS — being a Selec- 
tion from Experiments on Hydraulic Motors, on the Flow of 
Water over Weirs, and in Open Canals of Uniform Rectangular 
Section, made at Lowell, Mass. liy J. IS. Fra>-uis, Civil Engineer. 
Third odition, revised and enlargeai, including many New Ex- 
periments on Gauging Water in Open ('anal-,, and on the Flow 
through Submerged Oriiices und Diverging Tubes. With 2it 
copjierplatea, beautifully engraved, and about 100 new pages of 

The work is divided ln(o parts. r.vrtT L, on hydraulic motors, includes 

ninety-two experiments on an improved ^'oumeyvoii Turbine Water-Wheel, 
in" about two hundred horse -power, nil L rules and table* for thy co-usim-el ion 
of similar motors; thirteen experiments on a model of a centre-vent wutcr- 
whoe. of tin; most him;; It design, a:;d thirty-nine experiments un a centre-vent 
water-wheel of about two hundred mid thirty horse-power. 

PART XL includes seventy-four experiments mado for (lie purpose of deter- 
i>ii air-.;.' the form of (ho farmula for computing tilt rtmr of wafer over weirs; 
nine experiments on tho ( ffeet of hack-water en the how over weirs; eighty- 
eight experiments malic for tbe purpose of determining the formula for' i-oia- 
puting tho tlow mr weirs of rosrular or standard forms, with several tallies 
of comparisons of the new formula with the repairs obtained l.y former experi- 
menters; live experiments on tho flow over a dam in which the crest was of the 
same form as tliat built by the Rssex Uniipmy across tbe }ferriniaek htivcr at. 
Lawrence. Massachusetts; twenty-one experiments on the effect, of observing; 
the depths of water on a weir at different distances from the weir; an exten- 
sive series of experiments made for tho purpose of dolenoiniua rales for 
gauging si reams of water in open ea rials, with tables for facilitating the same ; 
and one hundred and otic experiments on the discharge of water through sub- 
merged oriticos and divci-edm: iubes. the whole being fully illustrated by 
twenty-three double plates engraved on copper. 

In 1855 the proprietors of the Locks and Canals on Merrimack River con- 
sented to the publication of tbe first edition of this work, which ooutnniod a 
s-e!oel ion of the most. hope.:", ait. hydraulic c^perluieu's nni.de at. Lowell up in 
that time. In this edition tbe principal hydraulic experiments niii.de there, 
subsequent to l.^h have been added, including the important series above 
mentioned, for determining rules for the gauging i lie How of water in open 
canals, au.l the in teres: lag series on the tie iv through a submerge;; Vfn tori's 
tube, in which a larger flow was obtained than any we find recorded. 
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Francis on Cast-iron Pillars. 

8vo. Cloth. 13.00. 
ON THE STRENGTH OF CAST-IRON PILLARS, with Tables 
for the use of Engineers, Arcliitocts:, at.d 1> uiltlwrs. By James B. 
Fbakcis, Civil Engineer. 



Merrill's Iron Truss Bridges. 

Second Edition. 

4to. Cleth. $0.00. 
IRON TRUSS BRIDGES FOR RAILROADS. The Method of 
Calculating Strains in Trusses, with a careful comparison of the 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel William E. Meekill, U.S.A., 
Major Corps of Engineers. Nine lithographed plates of illustra- 
tions. 

" The work before us ia an attempt to give a ku-is for .sound reform in thia 
featuro o! railroad oi.L.rl rii-i.- i-i tl l;. \>y thro winy 'additional liyht upon the 
ir.M ho.l. o[ tiilcui ui.nu; the in. irdma strains that can come upon any part of a 
bridge truss, and upoa ! lie mannur of proportioning uarii ■,ri-:., so I !ul. it shall 
he its strong rcia'.ively to its own strains as any other part, and so that the 
on I im Iji'id.i.ri; may ho strong oiiimsrh to sustain several times as great strains 
as the greatest that nan coiuo upon it in actual use." "Scientific American. 

" The author lias presented his views in a clear and intelligent manner, and 
tho ingenuity displayed in coloring the fi.4-1.1rus so as to pi.'osont cei'tuin lae.ts 
to the eye forms no inappreciable pari, of the merits of ilio work. The reduo- 
tion of the ' foremko for ootidning :!io strength, cohimo, and woigh- of a oast- 
iron pillar under a -train of compression,' will lie very jieeoptaiilf! io those who 
havo occasion hereafter to make investigations mvoiviiur i.licso conditions. As 
a whole, tho work has Leon well Anmi."—liiHi , 0"')- Gazelle. Chicago, 



Hxunber's Strains in G-irders. 

18mo. Cloth. $3.50. 
A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS ami. Similar Structures, ami their Strength, con- 
sisting of Formulee and Corresponding Diagrams, with numerous 
details for practical application. By William Hiimeeb. Fully 
illustrated. 
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Shreve on Bridges and Roofs. 

8vo, 87 wood-cut illustrations. Cloth. $5.00. 

A TREATISE ON THE STRENGTH OF BRIDGES AND 
ROOFS — comprising' tlio ileti.-rniinatii.m of Algebraic formulas 
for Strains in. Horizontal, rnclinL;<l or Rafter, Triangular, Bow- 
string, Lenticular and other Trusses, from fixed and moving 
loads, with. prsii;tii:iil iipplkaitimLs and (.ixauijdos;, for the use of 
Students and Engineers. By Samuel H. Shreve, A.M., Civil 
iT.sjiiiiv-r. 

The rules for tho determination of strains given in this work, in the shape 

cif iot-r:mlas, are deduced tiorii a few iv(.-ll-kiiuwji Tii-.-i-l::i.n if.-;] L laws, and lire not 
baaed upon assumed conditions: the pro-.;usses are given and apph!rat : .:'nH 
made of tho results, so that it i- equally valuable a.? a to.st-book for the 
Student and as a manual fur the Practical Fiigineer. Among- the examples 
an? the Ci- re i than son Bridge, the Kuih tahrrsr ISridgo, a bridge of "he Snlrarii 
type, o.ud many other oomnonnd trusses, whose strains are calculated by 
metiiods ii liioh uro no! only tree frmu the Ofi: i>i" the higher mathematics, l.mt 
aro -I-. aimple and noiai r'ati.'. and an readily applied, as :!iose whieh are u.ed in 
proportioning- a Warren l.iivder or other simple truss. 



The Kansas City Bridge. 

4to. Cloth. $0.00 
WITH AN ACCOUNT OF THE REG-IMEN OF THE MIS- 
SOURI RIVER, and a description of the Methods used for 
Founding in that River. By 0. Chanute, Chief Engineer, and 
G-eoegb Moeisou, Assistant Engineer. Illustrated with five 
lithographic views and twelve plates of plans. 



Illas'.ral.lon-!!. 



ViEWS.-'Tiew of the Kansas City 

Bridge, August. 2, 18(10. Lowering 
Caisson No. I i n to position. Caisson 
for Pier No. 4 brought into position. 
View of Foundation Works, Tier No. 
4. Pier No. 1. 

Pr.VE'KS. — 1. Map showing location 
of Bridge. II. Water Record— Cross 
Soel.iou of River — Profile of Crosshig 
— Pontoon Protection. III. Water 
. No. 2— Founda 



tion Works, Pier No. ?,. IV. Founda- 
tion Works, Pier No. 4. V. Founda- 
tion Works, Pie. No. 4. VI. Caisson 
No. 5— Sheet Piling at Pier No. G— 
Details of Dredges Pile Shoe— lie ton 
Bos. VII. Masonry— Draw Protec- 
tion — False Works between Piers .'! 
and 4. VIII. Floating Herri eks. 

IX. C.eueral Elevation— 17(1 foot span, 

X. 2-1M feet span. XL Plans of Draw. 
XIX Strain Diagrams. 
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Clarke's Quinoy Bridge. 

4to. Cloth. $7.50. 

DESCEIPTION OF THE IKON KAIL WAY Bridge across the 

Mississippi River at Quiiiey, Illinois. By Tiki.ii as Curtis Clarke, 
Chief Engineer. Illustrated with twenty-one lithographed 

Illustrations. 



Plates.— General Plan of Missis- 
sippi i.tiver at Q.uiuoy, showing loca- 
tion of liriilgvj. ]]■(. General Sections 
oi' Mississippi River at Quiacy, show- 
ing location of Uridgo. IK. General 
Seetions of Mississippi River ar Quin- 
o y, showing location of .ISri.l^o. TIT. 
General Sections of Mississippi l.'iver 
(1.1. (inincy, showing location <:f Cindge. 
IV. Plans of BJasonry. V. Diagram 



of £ 






Ai-.'aiigeiiient oi Panels, etc. VI. Two 
hundred and fifty feet span, and de- 
tails. VII. Three lioTL.'ii'. id nml sixty 
feet Pivot Draw. VIII. Details of 
llirse hundred and sixty foot Draw. 
IX. Ice-liroakers, Foundations of Piers 
and Abutments, Water Table, and 



Curve of Deflections. X. Founda- 
tions of Pier 2, in Process of Con- 
struction. XI. Foundations of Pier 
I.!. ;iud its Protection. X1T. Inunda- 
tions of Pier 3, in Process of Oonstruo 
t.ion, ami Steam Dredge. XIII. Foun- 
dations of Piers 5 to 18, in Process 
of Construction. XIV. False "Works, 
showing Process of Handling and Hot- 
ting Stone. XV. False Works for 
Enising Iron Work or Muporslnnituro. 
XVI. Steam Dredge used in Founda- 
tions 9 to 18. XVII. Single Bucket 
Drcdn'o used in Foundations of TSay 
Picrs. XVIII. Saws need for Cut- 
ting Pilos underwater. XIX. Sand 
Pump and Concrete Bos. XX Ma- 
sonry Travelling Crane. 



"Whipple on Bridge Building. 

8vo, Dluetrated. Cloth. $4.00. 

AN ELEMENTARY AND PRACTICAL TREATISE ON 
BRIDGE BUILDING. An enlarged and improved edition of 
the Author's original work. By S. Whipple, 0. E., Inventor of 
the Whipple Bridges, &e. Second Edition. 

The design has been io develop from Fundamental Principles a system easy 
of roninrclieiosioTi, and such its to enable the attentive vender and student to 
judge understanding] y for iiiio-evf, as to the rcls.fi vo merits of different plans 
and eonibi nations, ;iud to ii.dopt for u^u snoli as may be most, suitable for the 
eases he may have to deal with. 

It is hoped tho work may prove au appropriate Toxi-liook upon the subject 
treated of, for tin: l:!ugineedug Student, and a useful manual for the J'raetio- 
inir Engineer and Bridge Builder. 
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Stoney on Strains. 

New ami lievinnl i:<im»n, with n itma-ous illustrations. 

Royal 8vo, 664 pp. Cloth. $12.50. 

THE THEORY OF STRAINS IN GIRDERS and Similar Struc- 
tures, with Observations on the Application of Theory to Practice, 
and Tables of Strength and other Properties of Materials. By 
Bincon B. Stokes, B. A. 



Roebling's Bridges. 

Imperial folio. Cloth. $35.00. 

LONG AND SHORT SPAN BAIL WAT BRIDGES. By Johk 
A. Roebling, C. E. Illustrated with largo copperplate engrav- 
ings of plans and views. 

List of Plates 

1. Parabolic Truss Railway Bridge 2, 3, 4, 5, 6. Details of Parabolic 
Truss, with coiiin: span iiOO IVm. in tins i:l>*ir. 7. Plan ;uid Viiw of a lk!ii;re 
■:rvi;i' thi; Jli-ssUsippi l.Mvov, :,t fit. Louis, for railway ;m<l njinnum travel. S, 'J, 
10, 11, 12. Details and View of St. Louis Bridge. 13. Railroad Bridge over 
the Ohio. 



Diedrichs' Theory of Strains. 

8vo. Cloth. $5.00. 

A Compendium for the Calculation and Construction of B 

Roofs, and Cranos, with the Application of Trigonometrical 
Notes. Containing the most compivlinnsivo information in re- 
gard to the Resulting Strains for a permanent Load, as also for 
a combined (Permanent and Rolling) Load. In two sections 
adapted to tile reiiuiremeuLs or" the present time. By John Died- 
kichs. Illustrated by numerous plates and diagrams. 

" The want of a compact, universal and popular tti'atiso on the Construc- 
tion of Roofs and Bridges — especially otic [riuti-n; of thu :n:liiini(;o of a varia- 
ble load — and tho 'iiiMii-fitMi-v fsfsuy* oi uirltiroiii. authors on tin-. sulijeR-.t, 
induced me to prepare fid.-; wiii;. : ' 
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"WTiilden's Strength of Materials, 

12mo. Cloth. $2.00. 
ON THE STRENGTH OF MATERIALS used in Engineering 
Construction. By J. K. Whilden. 



Campin on Iron Roofs. 

Large 8vo. Cloth. $2.00. 

ON THE CONSTRUCTION OP IRON ROOFS. A Theoretical 
and Practical Treatise. By Peancis Campin. With, wood-cuts 
and plates of Roofs lately executed. 

"The mathematical formulas are of an elementary kind, and the process 

admits of au easy extern-ion so im tt> embrace lilt' prominent varieties of iron 
tviisS briil:,n:is. The treatise, -ib r.iudi of a- prnet'^al scientific character, may bo. 
ftiiaily nm-U'red by any ouu .la:iii']:.:' wkh elementary mechanics and plane 
trigonometry." 



Holley's Railway Practice. 

1 toL folio. Cloth. $12.00. 
AMERICAN AND EUROPEAN RAILWAY PRACTICE, in 
the Economical Generation of Steam, including the materials 
and construction of (!oal-hum:n^ lSuilors, (JomiIj nation, the Varia- 
ble Blast, Vaporization, Cirouliitiim, Super-heating, Supplying 
and Heating Food-water, &c, and the adaptation of Wood and 
Coko -burning Ermines lo (Joal-ljiirsimg ; a:nj in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &o., &e. By Alexanbee L. Hollet, B. P. With 77 
lithographed plates. 

" This is an elaborate treatise by one of our ablest civil engineers, on the con- 
struction and use of loci" actives, with a few ehn;e.ci-.- utl the buildine 1 oi' llail- 
rol-ds. » * * All these subjects are treated by the author, who is a 
firs (-class rai In -.a;; ene'inocr, in both an in:.elli<;e:it a.nd inteiliiriblc manner. The 
facts and iduis are well arranged, anil pri scntod in a clear a.nd simple ,-ty!.-. 
Hi 1 mi [:p:m-!cil l.'V ln.';iui.;iiji ni^raii r.^j, j.ilu we presume the work nil; be re^ani- 
ea as indispensable by all who arc intercsied in a knowledge of the construc- 
tion of railroads and rolling stock, or the working of locomotives."— ib'cu.viii/ic 
American. 
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Henrici's Skeleton Structures. 

8vo. Cloth- $1.50. 

SKELETON STRUCTURES, especially in their Application to 
the building of Steel and Iron Bridges. By Olaus Restrict. 

With folding plates and diagrams. 

B)' presenting theie amoral exavni; odion.- on Skeleton Structures, with 
p^rticuinr ;i;):ilii;.Lti:):i fur i-n-ponded Jirid^os, tn Rujiiiours;, L vulture to ct- 
press the hope that they will reraTii theso tlieorotieal results with some eonfi- 
dence, even although an opportunity is wanting to compare them vvit.li practi- 
cal results. O. H. 



Useful Information for Railway Men. 

Pocket form. Morocco, gilt, $2.00. 

Oonrv'iled by W. G, Hamilton, Engineer. Fifth edition, revised 
and enlarged. 570 pages. 

" It embodies many vahiaUe fui'-aulo an:', ri. :<j i i ■■ i .- -i useful for railway men, 

and, indued, for ithnnst. every elasn of persons in the world. Tin: ' inform:i- 
tinn ' comprises aiiuo valu;u>'.c formula' and rules for the eosstn lotion uf 
huik.Ts and enirinca, 7iia*o:iry. properties ox ^t.cel and iron, und tho strength 
of materials generally." — lltdlmul (l.izt'Ut; Chicago. 



Brooklyn Water "Works. 

1 vol. folio. Cloth. $35.00. 

A DESCRIPTIVE ACCOUNT OF THE CONSTRUCTION OE 
THE WORKS, and also Reports on the Brooklyn, Hartford, 
Belleville, and Cambridge Pumping Engines. Prepared and 
printed by order of the Board of Water Commissioners. With 
59 illustrations. 

Costents. — Supply Ponds— The Conduit -Eidgewood Engine House and 

Pump Well ■Riiigtiwwxl taurines —Puree 21a inn — Rid^ewood Jteservoii'-- 
l'iiic Distribution — Mount Prospect Uoscr voir— .Mount Prospect Engine 
House and Engine — Drainage Grounds — Sewerage "Works — Appendix. 
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Kirkwood on Filtration. 

4to. Cloth. $15.00. 

REPORT ON THE FILTRATION OF RIVER WATERS, for 

the Supply of Cities, as. prae.tisod in Europe, made to tho Board 

of Water Commissioners of tho City of St. Louis. By James P. 

Kikkwoqd. Illustrated by !!0 don!) lo -plate engravings. 

CONTENTS. — Report on Filtration — T. on don "Works, General — Chelsea 
Waterworks and filters— Lambeth Water Works and Filters— Southward 
and Vauxhall Water Works and Filters— Grand Junction Water Works and 

Filters -West Middlesex Water Works and Filters — New River Writer 
Works : 1 1 l ■: I Filters East London Watt r Works ■■ nil Filters — L( ioestcr Water 
Works and Filters— York Water Works and Filters— Liverpool Water Works 
and Filters— Edinburgh Water Works and Filters— Dublin Water Works 
and Filters— Perth Water Works and Filtering Gal lory —Berlin Water 
Works and Filters — Hamburg Water Works ;n:d Feservoirs -Altoua "Water 
Works iiud Filters- Touri Water Works ana Filtering I -anal — Aaivu Water 
Works an:" Fktrr!:nr GiJlrriov .Nantes Water Works si/.d Fibers. hy^~A~ 
Wiit or Works and Fibcring G-.iiierios Toulouse Water Works and Filtering 
Galleries — .Vfarsoillos Wainr Works and Filters — Genoa. Water Works s.ad 
Filtering tbilltras — Logkorn Water Works and Cisterns — Wakefield Wator 
Works and Filters — Appendix. 



Tunner on Roll-Turning. 

1 vol. 0V0. and 1 vol. plates. $10.00. 

A TREATISE ON ROLL-TURNING FOR THE MANUFAC- 
TURE OF IRON. By Peter Ttjmneh. Translated and adapted. 
By Johm B. Peabse, of the Pennsylvania Stoel Works. With 
numerous wood-outs, "vu., together with a folio atlas of 10 litho- 
graphed plates of Rolls. Measurements, &c. 

"We command this book as a clear, elaborate, and practical treatise upon 
tilt.' department of iron lnantii'ae taring operations in wkieli it is devoted. 
The writer states in his preface, that lor twenty-five years he has felt the 
in t'.osMh" of snob a work', and lias evidently brought to its preparation tho 
fruits of espcrienee, a painstaking regard for accuracy of statement, and a 
fiesire lo famish information in a stylo readily tin. lot stood. Tlio boi-.k should 
be in the hands of every one interested, either in ihe general praetioo of 
moolamieal en gin (.(.Ting, or tlio special liranoli of manufacturing operations to 
which the work relates.' --AiYUH'it'.an Artisan. 
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Glynn on the Power of "Water. 

13mo. Cloth. $1.00. 

A TREATISE ON THE POWER OF WATER, as applied to 

drive Flour Mills, and to give motion to Turbines and other 

Hydrostatic Enginos. By Joseph Gltnn, F.R. S. Third edition, 

revised and enlarged, with numerous Illustrations. 



Hewson on Embankments. 

8™. Cloth. $3.00. 
PRINCIPLES AND PRACTICE OF EMBANKING LANDS 
from liiver Floods, as applied to the Levees of the Mississippi. 
By William IIicwsotc, Civil Engineer. 

" This is a valuable treatise on the principles and practice of embanking 
lands tram river floods, as applied to the Levels of the Mississippi, by n highly 
inle)Ui;e7it and experienced engineer. The author says it is it first, attempt 
to reduce to order and to rule the design, execution, ami measurement of the 
Levees of the Mississippi, Ti is a most useful and needed •■.■oi.tribution to 
seientific literature.— I'hifadelpJdti Mn&rting Jot-mat. 



Griiner on Steel. 

8vo. Cloth. $3.50. 

THE MANUFACTURE OF STEEL. By M. L. Gucnek, trans- 

lated from the French. By Lenox Smith, A. M., E. M., with an 

appendix on the Bessemer Process in the United States, by the 

translator. Illustrated by lithographed drawings and wood-cuts. 

" The purpose of the work is to present a careful, elaborate, and at the 
same time pracuc.ii cvaminaiion into the physical properties* of steel, as noil 
as ,i description, of the new processes and mochar.!;;.;: appliance; for i l s mi-uu-.ac- 
ture. The in fori nation which it contains, gat.be red from many trustworthy 
sources, «ill be to and of numb value to the Ameriean steel manufa .turer, 
who may thus nequa.in I himself with the res a its of careful ami elaborate ex- 
periments in other countries, and better prepare himsoif for successful f..ji:i- 
petir.ion in this important ioousirv with ; i ■ ] ■■. ■ i l_"h makers. The he't that this 
volume is from the pen of one of the sLhiesi. meiallar.rists id' -he present day, 
cannot fail, we think, to secure for it a favorable consideration. — Iron, Age. 
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Bauerman on Iron. 

12mo. Cloth. #3.00. 
TKEATISE ON THE METALLURGY OF IRON. Contain- 
ing outlines of the History of Iron Manufacture, methods of 
Assay, and analysis of Iron Ores, processes uf manufacture of 
Iron and Steel, etc., etc. By H. Eauebhan. First American 
edition. Revised and enlarged, with an appendix on the Martin 
Process for making Steel, from the report of Abram S. Hewitt. 
Illustrated with numerous wood engravings. 

" This is an import?.; i:. ;si!iiir.io:i '■;> the stock of technical works published in 
tins country. It embodies tlio LiU-st [nets, disooverk-s, and processes oon- 
ncetod with the mamifaeture of iron and steel, and should bo in the kinds, of 
every pernor, inierested in the siihjeet, as: well as in ail t-uijliaiu.il and seioutiue 
libraries." — Scientific American. 



Link and Valve Motions, by W. S. 
Auchincloss. 

0V0. Cloth. $3.00. 
APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Loeotnotivo and Marino rjngines, with new 
and simple methods fur pro per turning the parts. By "William 
S. Auchincloss, Civil and Moohanical Engineer. Designed as 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimen- 
sions of the valve are found with Hie greu'.est ease by moans of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
lithographic plates, together with a copperplate engraving of tho 
Travel Scale. 

All the matters we liavo oioalioTii.:;! are 1 re-aiud with a ele;irnes9 and absence 
of in i necessary verbiage wiiii'b vender, the work a peeuliui'ly v:ilunljlo one. 
Too Tr-avi.:l Srule Duly requires, to be known to bo :ippvooi:i:ed. S1>. A. writes 
so ably on hia subject, we wish he had written more. Lou-.hn En- 
gineering. 

Wo have never opcreid n work iv^dHiif; to s-oam which seemed to us better 
calevdatcd to ;;iv« an intelligent mind a clear understanding; of the depart- 
ment it discusses. — Scientifi; American. 
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Slide Valve by Eccentrics, by Prof. 
0. "W. MacCord. 

4to. Illustrated. Cloth, $400. 
A PRACTICAL TREATISE ON THE SLIDE VALVE BT 

ECCENTRICS, examining by methods, the action of the Eccen- 
tric upon the Slide Valve, and explaining the practical proces- 
ses of Saying out the movements, adapting the valve for its 
various duties in the steam-engine. For the use of Engineers. 
Draughtsmen, Machinists, and Students of valve motions in 
general. By C. "W. MacCoed, A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, Ilohoken, N- J. 



Stillman's Steam-Engine Indicator. 

12mo. Cloth. $1.00. 
THE STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and "\ aeuiim Ganges ; their utility aud application 
By Paul Stillmait. New edition. 



Bacon's Steam-Engine Indicator. 

12mo. Cloth. $1.00. Mor. $1.50. 

A TREATISE ON THE RICHARDS STEAM-ENGINE IN- 
DICATOR, with directions for its uso. By Chables T. Poeteb. 
Revised, with notes and largo additions a.s developed by Amer- 
ican Practice, with an Appendix containing useful formula* and 
rules for Engineers. By F. W. Bacon, M. E., Member of the 
American Society of Civil Engineers. Illustrated. Second Edition 
In this work. Mi', i'lirtur's boiik lias bimn tidcon a-> the basis, but Mr. Baeon 

has ui.li.ptod it to Auini'inaa Practice, imd haa conferred a, great boon on 

American Engineers. — At than. 



Bartol on Marine Boilers. 

8vo. Cloth. $1.50. 
TREATISE ON TnE MARINE BOILERS OF THE UNITED 
STATES. By H. B. Babtol. Illustrated. 
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G-illmore's Limes and Cements. 

Fourth Edition. Revised and, EtUargd. 

SVo. Cloth. $4.00. 

PRACTICAL TREATISE ON LIMES, HYDRAULIC CE- 
MENTS, AND MORTARS. Papers on Practical Engineering, 
U. 8. Engineer Department, No. 9, containing Reports of 
numorous exporimonts <s inducted in Ni;iv York City, during the 
years 1858 to 1861, inclusive. By Q,, A. GmaiOEn, Brig-General 
U. S. Volunteers, and Major IT. S. Corps of Engineers. AVith 
s illustrations. 



"This "work conta-i-as a record of e'T-ii.in e:;p''rii-u"ii1s e:ul resenrehes ituiile 
under the nuthority of tlic FiJii-itsoer Tiurcuu of (In; War .]>'■: ,art:uci:t irc.r.i 
1S58 to 1S01, upon the. various hydraulic cements of the United States, and 
the metei'ials for the:!' mninshciiin.-, Tiie exiieHmfn:-; v.-i.-o < arefully r.e.dr, 
a.:id lire woll reported and compile; 7 .. ' — J-.iunud t'mitkiiti Institute. 



G-illmore's Coignet Beton. 

8vo. Cloth. $2.50. 

COIGNET BETON AND OTHER ARTIFICIAL STONE. By 
Q. A. Gillmuee. 9 Plates, Views, etc. 

This work describes with eon-ideralili. eiiiuitom'ss uf detail the fleveral kinds 
of ,'irt.L:Li:ial riti.iec i:i tii^-1 jll"i . t i i . l 1 ; i.1 use in liunipe aTn.l now beginning to be 
introduced in the United Bl.at.es, liisoussos their properties, relative inei'ita, 

and cost, and describes (he mate-rids of which they m.; composed 

The -abject is ■mo of spocia.1 <md erowie"; interest, and we eon^uend tho work, 
f!iiiViinlyi[isj as it does the miii.un.-il opinions of nn experienced engineer and 



Williamson's Practical Tables. 

4to. Flexible Cloth. $2.50. 

PRACTICAL TABLES IN METEOROLOGY AND HYPSO- 
METRY, in connection with the use of the Barometer. By Col. 
R. S. Williamsom, TJ. S. A. 
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"Williamson on the Barometer. 

4to. Cloth. $15.00. 
ON THE USE OF THE BAROMETER ON SURVEYS AND 
RECONNAISSANCES. Part I. Meteorology in its Connec- 
tion with. Hypsometry. Part II. Barometric Hypsometry. By 
R. S. "WiLLiAaisofT, Bvt. Lieut.-Col. U. S. A., Major Corps of 
Engineers. "With lUustniiivo Tables and Engravings. Paper 
No. 15, Professional Papers, Corps of Engineers. 

" San TitANCisco, Cal., Feb. 37, 1867. 
"Gen. A. A. Hr/MPmiiivs, Chief of E-.iL-ii iters, U. S. Army: 

" GjJKBBAL,— I have t"ae honor to submit to yoo, in the fallowing pages, the 
iv-ii!^ uf my iuve-'.igati.or.^ in ni' -coi-i^egy :i:ni hy [isr-rnrtry. made with the 
view of aseerv^inmg how f:ir the l-.aromrter can be Li-:::! us a reliable iastvii- 
mcntfoi- determining- altitudes on extended linen of survey and reconnais- 
sances. These iiLvest.iu-iiti.uia have oecupied tho lui*uro permitted me from my 
prutes-ion lI duties during the la-it ion years, and I hope tho results wall be 
deemed of sufficient value to have a place assigned them among the printed 
professional papers of rki; I'nited states Corps of Engineers. 
" Very rospectfully, your obedient servant, 

" B. S. "WILLIAMSON", 
" Bvt. Lt.-Col. U. S. A., Major Corps of TJ. S. Engineers." 



Von Cotta's Ore Deposits. 

8vo. Cloth. $4.00. 
TREATISE ON ORE DEPOSITS. By Bbshhaki. Von Cotta, 
Professor of Geology in tho Royal School of Mines, Freidberg, 
Saxony. Translated from tho second German edition, by 
Feeijerick Peimh, Jr., Minhio- Knirincer, and revised by the 
author, with numerons illustrations. 
11 Prof. Von Cotta of the Freiberg School of Mines, is the author of the 
best modem treatise on Tire deposits, and we five heartily glad that this ad- 
mirable work has In-iai translated and publish! d in this eountry. The trans- 
lator, Mr. i'rederiok 1'rinie, Jr., ;i gra.Lu:; :■.:. of T rr-W-.i- rg, has had in his work 
the great advantage of a revision hy the author himself, who declares in a 
prefatory note that this may he considered as a now edition ..tho third; of his 

" It is a timely and welcome contribution to the literature of mining in 
this country, and we are grateful to tho translator for his enterprise and good 

judgment in undertaking its preparation ; while we recognize with equal cor- 
diality tho liberality of the author in. granting both permission and asaist- 
anoe." — Kxlract fruin Ha'iew in. kniiint.uriny and Mining Journal. 
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Plattner's Blow-Pipe Analysis. 

Eunoiul enit.ion. lit: vise J. Svo. Cloth. ^7.50. 

PIATTNER'S MANUAL OF QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-PIPE. From 
the last German edition Itivvisoil ami onliirgod. Uy Prof. Th. 
Kichter, of the .Royal Wax-on Mining' Academy. Translated hy 
Prof. H. B. O0K..NWAL1., Assistant in tho Columbia School of 
Mines, New York ; assisted by John U. Caswell. Illustrated 
■with eighty-seven wood-cuts and 0110 Lithographic Plate. 5C0 
pages. 

" Plattlior's celebrated work has long- b«.v:i rooo;rr!i>-od ns the only complete 

hook (in. Ji low -Pipe Analysis. '1'ho fem ri.lt Gorman edition, edited by Pro f. 
Hi eh tor, fully sustains the re put.nl ion whieh tin.' earlier editions ai' ( . aired dur- 
ing the lifetime of the author, and it is a source of groat Sii.iisifwr.ioii to in to 
know that Prof. Rii.lil.er has co-operated with -ho transistor in issuing tho 
American edition o: tho w;>rk. whieh is in faci a fifth edition of the original 
work, being fur more complete tha.n tho hist German odition." — i*/- ; iV.'«.-/A.'a 
,/fiiern,:! 

"Thero is nothing bo complete to be found in ilio English language. Platt- 
nor's hook is not n more pocket edition ; it is hiieii'led as a comprehensive guide 
to all that is at present known on the blow-pipe, find as such is really indis- 
pensable to teachers and advanced pupils. 

" Mr. Cornwall's edition is something more 1h;i!i a 1 [■aiislfitiou, as it contains 
in;my <;ij:-:-ti:-l iuriK. oicendi r.iotis and additions not to ho found in tin; orii-h'.al. 
It is. a decided improvement on tho work in its Goi-ncn dross."— Journal of 
Ajipiial Chemistry. 



Egleston's Mineralogy. 

8vo. Illustrated with 34 Lithographic Plates. Cloth. $450. 

LECTURES ON DESCRIPTIVE MINERALOGY, Delivered 
at the School of Mines, Columbia College. By Phofessor T, 

Jv.il. ifsTD.V 

Theso lectures are what their title indica-ei, (he lectures on Mineralogy 
delivered ai the fiohool of Mines of Columbia College. They have been 
printed for the studouis, in order thai more lime niighr bo given lo the ntri- 
ijiis lac'.iioils of examining and determining minerals. Tho second part has 
only "been printed. The first pari, comprising crystallography and physic;:] 
mineralogy, will ho printed at some future time. 



c, Google 



16 SCIENTIFIC BOOKS PUBLISHED BY 

Pynchon's Chemical Physics. 

Iftno Edition. Eevlsed and Enlarged. 

Crown 8to. Cloth. $3.00. 

INTRODUCTION TO CHEMICAL PHYSICS, Designed for tli© 

Use of Academic;, (..'ouches, and Hi^h Schools. Illustrated with 
numerous engravings, and containing cijiimn experiments with 
directions for preparing them. By Thomas Ruggles Pynchos, 
M.A., Professor of Chemistry and the Natural Sciences, Trinity 
, Hartford. 



Hitherto, no work suitable for general use, treating of all these subjects 

iv i; Mti the limits of ;■■. sia^le volume, cjuld bo found ; consequently the. a;leu- 
l.ion Uicy have received bus nut lic-'.vi at- a!!. jiroT>.-ii-t.L'ji!;ilf3 to their importance. 
It is believed that a book containing so much valuable information within eo 
si'iidl a compass, (aai!ov i'ail 1,0 meet with a rctuiy sate anions; all inteliii-ciit 
]j:t-oo-. uhile 1'rilfeJsimi^l lucn, Pliyt-ii-iaus, WefHcsl St udea l.s, 1 > la )V.;e/:u. po- 
or-, Tokgyaphers, Phie/mcct's, ami Artisans trs -ma-ally, will find it specially 
valuable, if not nearly in ilispen sable, as a book of reference. 

" We slroiijrly rt.cou'Jinniil this able treatise to our readers as the first 
work ever published on the aubjoct free from peqb.-.vm<r teehnieiditics. _ Tn 
style it is pure, in description jrraiphio, at-d i;j H-p-:>:--]-apriie;:I appearance is 
artistic. It is altoL-ciher ;: most > io ih tit. work."- -Kti&'Lic Medical Journal. 

" It treats fully of Photography, "l'ilt-:-.j\.; -1 1 y, Smtim Engines, and the 
varioas applications of Electricity. In short, it is a carefully prepared 
volume, abreast with the hitcst seieid-ifio discoveries uuti invention-.'— ILarl- 
/">•<.! G'jurant. 



Plympton's Blow-Pipe Analysis. 

12mo. Cloth. $2.00. 
THE BLOW-PIPE : A System of Instruction in its practical use 
being a graduated course of Analysis for the use of students, 
and all those engaged in tko Examination of Metallic Combina- 
tions. Second edition, with an appendix and a copious index. 
By Geobge W- Plympxon, of the Polytechnic Institute, Brooklyn. 

"This manual probably has 110 superior in the English language as a text- 
book fur lionaniiers, or as a guide to the student working without, a teacher. 
To too Salter many illustrations of the utensils and apparatus revj 11. i :.vd in 
usitiLr i.Ijo bhuv-pipo, as well as the fully illustrated description of Iho blow- 
pipe flame, will be especially serviceable."— iVisia York Teacher. 
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Tire's Dictionary. 

Sixth Edition. 

London, 1873. 

3 vols. 8™. Cloth, (85.00. Half Russia, $32.50. 

DICTIONARY OF ARTS, MANUFACTURES, AND MINES. 

By Aniiklw Use, M.D. Sixth edition. Edited by Rouebt Hunt, 

F.U.S., grciirly onhirgi.ul stud it; writ ten. 



Brande and Cox's Dictionary. 

New Edition. 

London, 1872. 

8 Tok 8vo. Cloth, $20.00. Half Morocco, $27.50. 

A Dictionary of Science, Literature, and Art. Edited by W. T. 

Bbande and Rev. Geo. W. Cox. New and enlarged edition. 



"Watt's Dictionary of Chemistry. 

Supplementary Volume. 

8vo. Cloth. $9.00, 

Thia volnme hrimr- 1 i.ln Ttriciird of Chemical Discovery down to the end of 
tlit: ;-<:;«■ W>0, bidudinsf nisi) son.-ral additions to, and corrections of, former 
results which have appcarui) .in 070 and 1871. 

* w * Complete Sets of the Work, New- and Revised edition, including above 
supplement G voIh. 8vo. Cloth. $63.00. 



Rammelsberg's Chemical Analysis. 

8vo. Cloth. $3.25. 
GUIDE TO A COURSE OF QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINERALS AND FUR- 
NACE PRODUCTS. Illustrated by Examples. By C. F. 
RiMMEtsBBKQ. Translated by J. Towlee, M.D. 

This work has been translated, and is now published eipressly for those 
students in chemistry whose time and other studies in colleges do not permit 
then] ui eiii.i.T hjioti the more elaborate and expensive treatises of Fresenius 
and others. It is the condensed labor of a master in chemistry and of a prac- 
tical analyst. 
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Eliot and Storer's Qualitative 
Chemical Analysis. 

A« Edition, Revised. 

12mo. Illustrated. Cloth. 41.50. 

A COMPENDIOUS MANUAL OF QUALITATIVE CHEMI- 
CAL ANALYSIS. By Charles W. Eliot and Frank II. Stoeeb. 
Revised with tho CobporiiUuii of (he Authors, by William Rir- 
ley Nichols, Professor of Chemistry in tho Massachusetts Insti- 
tute of Tecluu il' i±-y. 

" This !Manual has oreat merits :is a practical introduction to the science 
iiii.fi the art of which it treats. Jt. contain* enough of ilio llu-ory ami practice 
of qnahtai ice analysis, " m tho wet way, ' to bring; out all tho reason in g in- 
volved in Hii! science, and ?>■ present clearly U> the iitnocn!. the most approved 
:not.jioas of toe an. Tr j s spec idly ;uhipl.cd i'or exercises am: experiments in 
too laboratory ; and yet. its classifications arid manner of treat it; out art: so 
sislornatio ami logical throughout, a.? to adapt it in a hiirh degree to thai 
hither class ol' sl.udenls- grin-rally who desire an accurate knowledge of the 
practical methods of arriving at seiontifio facts."- L'l'I/eran Ohst rvi;r. 

"We wish every academical class in '.iio laud couhl lun e the benefit of the 
F.hy exercise of two hours each necessary to master iliis book. Chcniistry 
would cease to he a mere matter of memory, and become a lili asant experi- 
mental and intellectual recreation. We heartily commend this little volume 
to tho notice of tho-o teachers who believe in i^Lng the so italics as means of 
mental disuipline/'— College Couranl. 



Craig's Decimal System. 

Square 33rao. Limp. 50c 

WEIGHTS AND MEASURES. An Account of the Decimal 

System, with Tables of Conversion for Oummorcial and Scientific 
Usee. By B. F. Cbaig, M. D. 

" The most lucid- accurate, and useful of all iho hand-hooks on thin subject 
that, -we have vet seen, Tt gives forty -seven tallies of eemparison between the 
English and h'n::oeh denomination, of length, area, capacity, weight, and the 
O utigrado and ranrenbei; thcrniomoters, u iv.h clear inst ructions how to use 
them ; and to iliis prnrticai portion, which helps to make the transition as 
ea.-y a.s possible, is prefixed a soientitie explanation of the errors in (he metric 
system, and how they may he corrected in the laboratory," — jUiitetm. 
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Nugent on Optics. 

12mo. Cloth. $3.00 

TREATISE ON OPTICS ; or, Light and Sight, theoretically and 
practically troatcd ; will) tho application, to Fine Art and Indus- 
trial Pursuits. By E. Nugent. "With one hundred and three 
illustrations. 

"This book is of n pract.idfi] rather than a lluorolioal kind, and is de- 
sisru'-'d to afford a'.rurate and oo:iip]o:.o \n format loo to all inton^tod in :llu:I i- 
oation.i of liio jiinorirjo."- ■Jiaunil livih. 



Barnard's Metric System. 

8vo. Brown cloth. $3.00. 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 
An Address delivered bofoi'is the Convocation of the University of 
the State of New STork, at Albany, August, 1871. By Frederick 
A. P. Baknahd, Pns.-ids'nt of Columbia College, New York City. 
Second edition from the Revised edition pruned for the Trustees 
of Columbia College. Tinted paper. 

"It is the best summary 01" t lie argnmcnti in favor of the metric weights 

and nnuiJiiriN with which »v arc aiajnaintod. not only b-juause it contains in 
small apace tin' trading fiU/U 'if th- ca-' . lint l.".i/:insi.- il. ].■.]'.-■ "]:..■ u'lv."-;^',- ,.f 
thai iiys'o.'Tii on Un; only tollable grounds, motility, the groat coovonieiico of a 
decimal li-irarinii of weight and measure ha ivoll as nionoy, the value of jnti.'i-- 
nal.intni] uniformity in the matter, and the bet ill at this metric [.ystem is 
ado^'oil and in yeneral use by i.'ni. 1 majority of nivili/od nations." — Tike Motion. 



The Young Mechanic. 

Illustrated. 12mo. Cloth. $1.75. 

THE YOUNG MECHANIC. Containing directions for the use 
of all kinds of tools, and for the construction of steam engines 
and mechanical models, including thw Art of Turning in Wood 
and Metal. By the author of "The Lathe and its Uses," etc 
From the English edition, with corrections. 
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Harrison's Mechanic's Tool-Book. 

12mo. Cloth. $1.50. 
MECHANIC'S TOOL BOOK, with practical rules and suggestions, 
for the use of Machinists, Iron Workers, unit others. By W. B. 
Harrison, Assoeia'u Kilitur of iho " American Artisan." Illustra- 
ted with 44 engravings. 

" This wort is specially adapted to meet the wants of Machinists and work- 
ers in iron g-eneni.lhr. II is miule up ot die- worii-dny i\|.n ; ,cin.i: of mi intelli- 
gent iuij in-euiulis mechanic, who Tifl.il the ] ne nil y nf iiih.p-in- l (nils I i.i variou.H 
purposes, Tlic 2Ji-;i.:-ii.-;L.l,'ii t\- i-f oh phm.H :u.;I 'u ^rest-ions me mndr .ir-porvnt 
even to the unpraetiseil eye by a seri-.H nl.' well--.' m:--.u led wood engravings." — 
1'hiiadilphhi Inquirer. 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Eighth Edition. 8vo. Cloth $2.00. 

A Hand-book for Electricians and Operators. By Fi^hk L. Pope. 

Seventh edition. Hevisi.nl and onlargod, and fully illustrated. 

Extract from Letter of Prof. Morse. 
"I have had time only cursorily to examine ii- contents, hut this examina- 
tion has resulted in -Trent gratifieatkm, especially at the fairnes;; ami unpre- 
judiced [.(me , if your whole work. 

■' Vnur illn.-ir'.!.io-i diagrams are admirable and beautifully executed. 
" I think all your in si™ el inns in (ho nse uf the tc.lcimiph apparatus judi- 
cious aoii correct, ;i:nl 1 nio-t oordi:illy wish you success." 
Extract from, Letter <tf Prof. Q. W. Bough, of the Dudley Observatvry. 
" There is no other work of this kind in the English language that con- 
tuses in -u miiliII il '■■j2iL"ia^ m' i:iii-l_ pra-iicid : .Tn'iiioiL:.Mo:i in the applieation 
of ir;ilv:ini:- electricity I.i t..-li.iLTi , :ipri j". It should he iu the hands of every one 
interested in telegraphy, or the use of Batteries for other purposes." 



Morse's Telegraphic Apparatus. 

Illustrated. 8vo. Cloth. $2.00. 

EXAMINATION OF THE TELEGRAPHIC APPARATUS 
AND THE PROCESSES IN TELEGAPHY. By Samuel F. 
B. Morse, LL.D., United States Commissioner Paris Universal 
Exposition, 1867. 
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Sabine's History of the Telegraph. 

12mo. Cloth. $1.25. 
HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, -with Inscriptions of some of the Apparatus. By 
Robert Sabine, C. E. Second edition, with additions. 

Contents. — I. Early Observations of Electrical Phenomena. II. Tele- 
graphs by J-Yiutbuiil Elertri.:i! v. iff. Ti'loprniptiH by Vohui'j ModHdiy. 
IV. Telegraphs by Electro-Magnetism and ^tuiiiioto-Ekr trinity. V. Tele- 
gnu-lis ii-in- i;i use. VI. Owr-heail l.inr.^. VII. Submarine Telegraph Lines. 
VIII. Underground Telegraphs. IX Atmospheric Electricity. 



Haskins' G-alvanometer. 

Pocket form. Illustrated. Morocco tucks. $2.00. 
THE GALVANOMETER, AND ITS USES; a Manual for 

Electricians and Students. By C. H, Haskihs. 

" We hope this excellent little work will meet with the sale its merits 
entitle it to. To every telegrapher who owns, or uses a Galvanometer, or 
ever eipects to, it will be quite indispensable." — The Telegrapher, 



Culley's Hand-Book of Telegraphy. 

8vo. Cloth. $6.00. 

A HAND-BOOK OF PRACTICAL TELEGRAPHY. By 

R. S. Gullet, Engineer to the Electric and International 

Telegraph Company. Fifth edition, revised and enlarged. 



Foster's Submarine Blasting. 

4to. Cloth. $3.50. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts— 

Removal of Tower and Corwin Rocks. By John G. Fosteb, 

Lieutenant- Colonel of Engineers, and Brevet Major-General, U. 

S. Army. Illustrated with seven plates. 

List of Plates. — 1. Sketch of the Narrows, Boston Harbor. 3. 
Townsuud's Sui'miiLriiin Tlrillm;.' Maoiiine, and "Working Vessel attending. 
;?. Suliiiiiiriufl .Drilling Machiiifi employed. 4 Details of Drilling ,11 a-. :li un- 
employed. 5. Cartridge' avid Taiii.iiin^ used. 6. fusos aud Insulated Wires 
used. 7. Portable Friction Battery used. 
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Barnes' Submarine Warfare. 

Bvo. Cloth. $5.00. 

SUBMARINE WARFARE, DEFENSIVE AND OFFENSIVE. 
Comprising a full and complete IIi>itjry of the Invention of the 
Torpedo, its employment in War and results of its use. De- 
scriptions of the rarious form*; nf Toms-doo*. Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzos, and Electricity, and a full account 
of experiments made to determine the Explosive Force of Gun- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Chid f-hin systonis, and influence upon 
Future Naval Wars. By Lieut. -Commander John S. Babs: 
U. S. N. With Uventy lithographic plates and many wood-cuts. 

"A book important to military men, uuvl especially so Co engineers and ar 
tillerisrs. It. coimisis of r.n elimination of tlie various o! Tensive nvA defend v 
enginLS th:it havo heen ooin.riwi! for submarine Iiusrilitio =, iii':Iud!:iir ;l dissua- 
sion, of tliij torpedo tystem, iis eiiWrtrf upon iron-;-Ld s!i i f-wy ste.isis, :nifl its 
probable [■ill-.njrioo isjion futnro naval wars. Plates of n- vnJu.iKe elmrackii 
u'.'iOTniK'.uy the trout iff, ivliioli affords n oseful history of the momentous sub- 
ject it discusses. A great deal of useful information, i- eoHee-tod in. its pages, 
tspeeially concerning the inventions of SCJIOJ.L and Veudtj, and of Johes' 
s:ui .Hunt's li.i-.kci.oj, as well us of other similar machines, and the nso in 
.e operations of gun-cotton and nitro-glycerine." — N. Y. Times. 



Randall's Quartz Operator's Hand- 
Book. 



QUARTZ OPERATOR'S IIAND-BOOK. By P. M. BiWBA.Lt. 
New edition, rovised and enlarged. Fully illustrated. 

The objeot of tins work has been to present a clear and comprehensive ex- 
position of mineral veins, and the moans and modes chiefly employed for the 
mining and working of their oroa — more especially those containing gold ;i.i,.:i 



c, Google 



D. VAN NOBTRAND. 23 

Mitchell's Manual of Assaying. 

8vo. Cloth. $10.00. 

A MANUAL OF PRACTICAL ASSAYING. By Jonn Mitchell. 
Third edition. Edited hy William Ckookes, F.R.S. 

In this edition are incorporated nil the Inlo important discoveries in Assay- 
ing made in this country i mil abroad, ami .-pccial care is devoted to the very 
important Volumetric and Colorimetrio Aisuvs, as well as UJ the lSlow-1'i.pe 



Benet's Chronoscope. 

Second Edition. 

Jllustralcd. 4to. Cloth. $3.00. 

ELECTRO-BALLISTIC MACHINES, and the Schultz Chrono- 
scopy. By Liouteiiiint-Colijiii.'i ;S. V. IJi^iir, Captain of Ordnance, 
U. 8. Army. 

CONTENTS.— 1. Ballistic Pendulum. 2. Gun Pendulum. 3. Use of Elec- 
tricity, i. Navez' Machine. !i. Vii^iotti'sHfaehine, with Plates. (J. Ucnt:>:i'.j 
JlIi ■tTo-Billi-^tie Pendulum,' with Plates. 7. Leur's Tro-Pendulum. Machine 
8. Schultz'fl Chronoscojio, with two Plates. 



Michaelis 1 Chronograph. 

4to. Illustrated. Cloth. $3.00. 

THE LE BOULENGE CHRONOGRAPH. With three litho- 
graphed folding plates of illustrations. By Brevet Captain O E. 
MieiiAKLiu, First Lieutenant Ordnance Corps, U. S. Army. 

"The excellent monuirraah of CaptaiT! JWichaciin enter- minutely into the 
de::ii'iH of construction ami management, and ;_'ivos tables of tbc times o:' ftj^li I, 
calculated upon a given fall of the chronometer for ail distanced Captain 
Mi, ■li:.::l in lias done i;ood *cvvice in proseiitiui; ibis work to bis bruthor orlie.e.rs, 
describing, as it does, an iri-irann.'iit which 'aids fair to b 
our future ballistic eiperiments.' — Army and Navy Journal. 
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Silversmith's Hand-Book. 

Fourth Edition. 

Illustrated. 12mo. Cloth. $3.00. 

A PRACTICAL HAND-BOOK FOR MINERS, Metallurgists, 
and. Assayers, comprising the most recent improvements in the 
disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with, a Comprehensive Digest of the Mining 
Laws. Greatly augmented, revised, and corrected. By Julius 
Silversmith. Fourth edition. Profusely illustrated. 1 voL 
12mo. Cloth. $3.00. 

One of the moat important features of this work ia that in which the 
metallurgy of the precious metals U treated of. In it tho author hn* omleay- 
orcd 1:) i.'Tn: idily nil tlifi jii'imfiasfH for thrr reduction :ind manipulation o; the 

jiiT-'Uini.J on-s h'.Totofijn> an 'wful'iy employed in Gor:na:iy. Ividand, llrsico, 

and the United S ::.,•.:. s. together with such :i« have been iaoro recently invcjiml, 
and not yet fully tested— all of which are profusely illustrated and easy of 
comprehension. 



Simms' Levelling. 

8vo. Cloth. $2.50, 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING, showing its application to purposes of Railway 
Engineering and the Construction of Roads, &c. By Frederick 
W. Simms, C. E. From the fifth London edition, revised and 
corrected, with tho iiddition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood-cuts. 

" One of tho most important text-books for tho general surveyor, and there 

Is waroelv a ijupstirai «iiiii](!i!tf(l iviOi 'cvcUim; for whioh a dilution would he 
sousrhl, but that would he satisfactorily answered by consulting this volume." 
— Mining Jmirnal. 

"The text-book on levelling in moat of our engineering schools and col- 



"The publishers have rendered a substantial service to the profession, 
especially to the younger members, by bringing out the present edition of 
Mr. Simms useful work." — Kngineering. 
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Stuart's Successful Engineer. 

18mo. Boards. 50 cents. 
HOW TO BECOME A SUCCESSFUL ENGINEER: Being 

Hints to Yonths intending to adopt the Profession. By 
Behsard Stuart, Engineer. Sixth Edition. 
"A valuable little book of sound, sensible advice to young men who 
wish to rise in the most important of the professions." — Scientific American. 



Stuart's Naval Dry Docks. 

Twenty-four engravings on steel. 

Fourth Edition. 

4to. Cloth. $6.00. 

THE NAVAL DRY DOCKS OP THE UNITED STATES. 

By Chabusb B. Sxt/aht. Engineer in Chief of the United States 

List of Illustrations. 

Pumping- Engine and Pumps — Plan of Dry Dock and Pump-Well- Sec- 
tions »l' .Dry .Dock- 'Engine llonac— Iron Floating Gate- Det.uils uf Fiij.-n.irii; 
Gate— Iron Turning Gate—Plan of Turning Gate— Culvert Gate— Filling 
Culvert Gates— Engine Bed— Plate, Pumps, and Culvert — Engine llo-c.se 
iiDuf- -l.-'iiiiiii.g N.-i.-iiou;:] llin.-k Hi rails of SeHio:i, imii Plan of Tui-o-'iVJi^* 
— Plan of Basin ami Murine Railways — Plan of Sliding Frame, and Eh-v^vioii 
of 1'u:]itjs— -llydriiiilic; Cylinder— Pum of Gearing fur Pumps am: V.i.d Fiuj-.i 
— Per.'i'i.'otive View of F>od<. Basin, and -Raihvay--Plan of Basin of Ports- 
mouth Dry Dock— Floating Balance Dock— Elevation of Trusses and. the Ma- 
chinery— Perspective View- of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illustrated. 18mo. Boards. 50 cents. 

A GUIDE TO ORNAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student. 

Contents. — Materials employed in Drawing, and how te use them— On 
Lines and how to Draw them— On Shading — Concerning lines and shading, 
with applications of them to simple elementary subjects — Sketches from Na- 
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Minifies Mechanical Drawing. 

Eighth Edition. 

Royal 8vo. Cloth. $4.00. 
A TEXT-BOOK OF GEOMETRICAL DRAWING for the use 
of Mechanics and Schools, in which the Definitions and Rules of 
Geometry are familiarly explained; the Practical Problems are 
arranged, from the most sim[i!e to the more, complex, and in their 
description technicalities are avoided ah much as possible. With 
illustrations for Drawing Plans, Sections, and Elevations of 
Buildings and Machinery; an Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perfective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. By Wi. 
Mijtifie, Architect. Eighth Edition. With an Appendix on the 
Theory and Application of Colors. 

"It is the best wort fin Drawing; that W(! have ever seen, and is especially a 
k'st.-bixik uf Geometrical Dniv.-hij,' for tin; j*: of Moc:li:i;-ii^* and Schools. JSo 
j-nucy Al.oo'o 'idr. hucIi en a ".'iladii i tList, "Kn^-mecr, (..:abiii«t-^L;i.ii;r, JIi!!u ru:;ir, 
or Carpenter, should bo without, it."— ^e/diWlk American. 

" One of the most comprehensive works oil tin; Wind ever published, and can- 
not but posses* j^i-is,it value to builders. The styie is at onee elegantand sub- 
stantial."-^ Peanaylmma Inquirer. 

"Whatever is said is runlon.-d pe.yi'ncm inteiiiiribio by remarkably well- 
cxecnted duurraniii (m stool, leaving nothing for mcic vague supposition ; and 
ill'; addition of. an iiil.r;,;luotioii to i.Jomel.rloiL! drawing, linear perspective, and 
tht projection of shadows, winding up with a useful index to technical terms." 
— Glat.iiow Illi:r.luiii.ics Journal. 

JSP" The British Government has authorized the nse of this book in their 
schools- of art at Soni.TJct liouso, 1 .onilon, and 'iiruughout the kingdom. 



Minifie's Geometrical Drawing. 

.Xitit! VUlition. Knlarged, 

lSmo. Cloth. $2.00. 
GEOMETRICAL DRAWING. Abridged from the octavo edition, 

for the use of Schools. Illustrated with 48 steel plates. New 

edition, enlarged. 

"It i-t well adapted as a text-book of drawing to he used in our High Schools 
and Academies where this usotul branch of the finu art* has been hitherto too 
much neglected." — Boston Journal. 
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Bell on Iron Smelting. 

8vo. Cloth. *8.03. 
CHEMICAL PHENOMENA OF IKON SMELTING. An ex- 
perimental and pritotioul oxumination of the c ire uni stances which 
determine the capacity of the Blast Furnace, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
t>] limited upon. By I. Lowthmn Bell. 

"The reactions which cake place in en-try foot of the blast-furnace have 
bci :i invert iuiitod, nr.<\ r.ln- nature of every -cop in the process, from the intro- 
duction i if cko raw m;itori;.l intu tin: furnace :o (.lie production of tlio i ■■ i ^- Lnm, 
has Loon carefully asocr-.amed. anil recorded so fully that any one ill the trade 
can readily avni' themselves of '.In- knowledge acquired ; anil we have no hes- 
itation in saying that, the judicious application of such knowledge will do 
much to tncilita-.e *.:io i-.i-roducrion of ar ran cements which will -.-ill further 
economise fuel, and at the s-anie time permit of the quality of the resulting 
Tiiolal being maintained, if no; improved. The voiunio is one- which no prao- 
iii'i 1 pig iron mauut'aeturcr can afford to !«■ without it he be desirous or" en- 
tering upon that competition wlucij nowadays- is esse™ l is! to progress, and 
in issuing such a work Mr. ] Jell has entitled himself l.o the best thanks of 
every member of the trade."— Loiuhn Mi/iirt'j Jmtnud. 



King's Notes on Steam. 

Thirteenth Edition. 

8vo. Cloth. *3.00. 

LESSONS AND PRACTICAL NOTES ON STEAM, the Steam- 
Engine, Propellers, So., &c, for Young- Engineers, Students, and 
others. By the late W. R. Kino, U. S. N. Revised by Chief- 
Engineer J. W. King, U. S. Navy. 

" This is one of the beat, because eminently olaio and practical treatises on 
tho Steam. Engine ever published. ' Phil-uhi-phia Press. 

This is the thirteenth edition of a valuable work of the late W. H. King, 
IT. S. N. It contains lessons and prncricnl notes on Steam anil the Steam En- 
gine, Propellers, etc. It is calculated to ho of great use to young marine en- 
gineers, students, and others. The text is illustrated and explained by nu- 
merous diagrams and representations of machinery. - Jiosh/n, Daily Adnr- 

Text-book at the U. S. Naval Academy, Annapolis. 
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Burgh's Modern Marine Engineering. 

One thick 4to vol. Cloth. $25.00. Half morocco. $30.00. 

MODERN MARINE ENGINEERING, applied to Paddle and 
Screw Propulsion. Consisting o.f 'M Colorod l.'laies, 259 Practical 
Wood-cut 111 u still tiom, and -10.'! pages of Descriptive Matter, the 
whole being an exposition of the present practico of the follow- 
ing firms : Messrs. J. Penn & Buns; Messrs. Maiulslay, Sons & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Ronnie ; 
Messrs. E. Napier &. Suns ; Messrs. J. & W. Dudgeon ; Messrs, 
Ravenhill & Hodgson ; Messrs. Humphreys & Tenant; Mr. 
J. T. Spencer, and Messrs. Forrester & Go. By N. P. Bctkgh, 
Engineer. 

Principal Contents.— Gen eral Arrangements of Er.yines, 11 examples 

— General An'<iTu;./]ii(:TL(; of Boilers, 14 examples -- General Arran^oin.^it of 
Su;--:'S:',i:i ri, 11 examples Details of 'Oscillating Paddle Engines, 84 tx- 
amples— Condensers for Screw Engines, both Injection and Surface, 20 ex- 
amples Details of Screw li:ia/mcs, '-!•> examples Cylinders jiul Doti.ils of 
Witch- Eagirie.-, 21 examples— -<.'. mi: Valves and l>ctails. 7 eiampks — Slid,; 
Valve, Link Morion, 7 exa.mo'os- Expansion Valves and Guar, 10 exani- 
pits- Details in Conical. ISO cxnmy.lt;.-' Screw Prop c'. lor and Fittings, I'lci- 
ampies Engine and Boiler fittings, 28 examples -In relation to the Princi- 
ples of the Marine Engine and Boiler, 3B examples. 

Notice-* of the -Press. 

"Every conceivable detail of the Marine Engine, under all its various 

forms, is profusely, and we must add, admirably illustrated by a rnnkiUnlo 
of engravings, selected from t.iie best and must modern practice of the first 
Marine Engineers of the day. The chapter on Condensers is poo nliaric valu- 
able. In one word, there is no other work in existence which will bear a 
moment's comparison with it as an exponent of the skill, talent ami practical 
oi pcric nee to which is due tin; splendid reputation enjoyed by many British 
Marine Engineers." — Engine/:'; 

" This very comprehensive work, which was issm d in 'Monthly parte, haa 
just been completed. It contains large and full drawings and copious dc- 
t-cri pilot is of mos: of '.be bos', examples ol Modern Marine Engines, at .d it is 
a complete theoretical and practical treatise on the subject of Marine Engi- 
neering."— American Artisan. 

This is the only edition of the above work with the beautifully colored 
plates, and it is out of print in England. 
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Bourne's Treatise on the Steam En- 
gine. 

Ninth Edit ion. 

Illustrated. 4to. Cloth. $15.00. 
TREATISE ON THE STEAM ENGINE in its various applica- 
tions to Mines, Mi];-!, Sioam Navigation, Itailways, and Agricul- 
ture, with the theoretical iuv.^tipinouH re^ii -cling the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
I'ruuta^il instruction a Cor tho Ma:iuiac:H;ro and -Management of 
every species of Engine in actual use. By Jons Bol-rse, being 
the ninth edition of "A Treatise on the Steam Engine," by 
the "Artisan Club." Illustrated by thirty-eight plates and five 
hundred and forty-six wood-cuts. 

As Mr. Bonnie's work has tho great merit of avoiding- unsound and imma- 
ture views, it; may safely lie consulted by nil who are really desirous of ac- 
quiring trust w;i:".hy infiroeitinn on the subject of which it. treats. During 
the twci:Ty-two years which have elapsed from tho issue of tho first edif.bn, 
the improvements introduced in tho eonstruction of the steam engine have 
::-.:i.tl br.h numerous and important, and of these Mr. Bourne hits t.;iko:i cure 
to point out tin) more prominent, and to furTiish the reader with such infor- 
mation iss shall enable him readily to judge of their relative value. This edi- 
tion has been thoroughly itniil'TTiJKetl, and made ho accrd with the opinions 
and practice of the more successful engineers of the present day. All that 
tho boo!; profess"^ ti> give is given with ability and evident care. The scien- 
tific, principles which are permanent are admirably osplained, and reference 
is made to many of the more valuable of the roe, -n;.];- introduced onuir.es. To 
express an opinion of the value and utility of such a work as The ArUumi, 
' 'in-'/'* Triniti'C on tins Ht ■■'(,-,■!■ K:t;ji>n:, which has passed through eight editions 
already, would he superfluous; but it may be safe!;- stated that the work is 
wur-hy the attentive st.ady of all oi:.hor out-aged in the m.Lnufaer.ure of steam 
engines or interested in economizing the use of steam. — Mining ■ii/anuil. 



Isherwood's Engineering Precedents. 

Two Vols, in One. 8vo. Cloth. $3.50. 
ENGINEERING PRECEDENTS FOE STEAM MACHINERY. 
Arranged in the most practical and useful manner for Engineers. 
By B. F. Isheuwood, Civil Engineer, U. S. Navy. With illus- 
trations. 
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Ward's Steam for the Million. 

New and Itcviscil lid'tion. 

8vo. Cloth. $1.00. 

STEAM POP THE MILLION. A Popular Treatise on Steam 
and its Application to the Useful Avis, especially to Naviga- 
tion. By J. H. Ward, Commander IT. S. Navy. New and re- 
vised edition. 

A most excellent work (or fVm yono.:.' on^incer m n:l i.-eoirnl reader. Many 
fnfiis ri.iiiiLn:' to the m;'.-_muTi'u;r I "i ;.:iu :>oi!rr and engine are sei forth villi n 
simplicity i.i t! l.iuuni-.u-o ,-ml pr r:Ve*.!on oi ilehiil Hint bring the subject home 
to the reader. — .Iwi-.ia Ehyin-xr. 



"Walker's Scre-wr Propulsion. 

8vo. Cloth. 75 cents, 

NOTES ON SCREW PROPULSION, its Pine and History. By 
Capt. W. H. Walkee, U. S. Navy. 

Commander Walker's Look contains an immense amount of concise practi- 
cal dntu, and every ilem of information recorded fully proves tliat the various 
points liiSLi'itiLf upon it have been wed cuiiidds-srud previously to ftxprcsaiui; en 
opinion.— Im ruin a Mi-nitty Jou.nud. 



Page's Earth's Crust. 

18mo. Cloth. 75 cents. 
THE EARTH'S CKL'ST : a Handy Outline of Geology. By 
David Page. 

" Such a work as this was much wanted— a work giving in clear and intel- 
ligible outline the leading facts of the science, without an.pl ification or irk- 
.sonio details. It is admirable in anune/cment, and clear and easy, and, sit the 
annus time, forcible in style. It will lead, we hope, to the introduction of 
(ii olois/v into n'.ii.ny -eliook thut have neither time nor room for the eMidy of 
large treatises." — The Museum. 
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Rogers' G-eology of Pennsylvania. 

3 Vols. 4to, with Portfolio of Maps. Cloth. $30.00, 
THE GEOLOGY OF PENNSYLVANIA. A Government Sur- 
vey. With a general view of the Geology of the United States, 

Essays on the Coal Formation and its Fossils, and a description 
of the Coal Fields of North America and Great Britain. By 
Hesry Darwin Rogers, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Text 

It eertainly should, be in every puhlio library ,.e.rouL;hom the country, p.nd 
likewise in the ]nn*s«ifit] of .ill students of Geology. After the final sale of 
those copies, the work will, of eon™, heroine more valuable. 

The work for the lust five years has been entirely out, of the market, hut a 
few copies that remained in the hands of Prof. Eosrers, in Seot!and, ;it the 
time of !i;* death, arc new offered to the publie. at a price which is even 
below what it was originally sold fin' -when first published. 



Mornt on Pure Fertilizers. 

With 28 Illustrative Plates. 8vo. Cloth. $20.00. 

A PRACTICAL TREATISE ON PURE FERTILIZERS, and 
the Chemical Conversion of Reel;. Guanos, Marl stones, Coprolites, 
and the Crude Phosphates of Linn; and Alum in a Generally, into 
various Valuable Products. By Oami-bbll Mohpit, M.D., F.C.S. 



Sweet's Report on Coal. 

8vo. Cloth. $3.00. 
SPECIAL REPORT ON COAL ; showing its Distribution, Classi- 
fication, and Cost delivered over different routes to various points 
in the State of New York, and the principal cities on the Atlantic 
Coast. By S. H. Sweet. With maps. 



Colburn's Gas Works of London. 

ISrao. Boards. 60 cents. 
GAS WOEKS OF LONDON. By Zebih Column. 
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The Useful Metals and their Alloys ; 
Scofiren, Truran, and others. 

Fifth Edition. 

8vo. Half calf. $3.75. 
THE USEFUL METALS AND THEIR ALLOYS, including 
MINING VENTILATION, MINING JURISPRUDENCE 
AND METALLURGIC CHEMISTRY employed in the conver- 
sion of IRON, COPPER, TIN, ZINC, ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRLVL 
ARTS. By Joun ScoFrhEN, William Tiiuiun, William Clay, 
RojiiiTtT'OxLAtfD, William Faikbaien, W. C. Aitkin, and WIL- 
LIAM YoSE PlCXETT. 



Collins' Useful Alloys. 

18mo. Flexible. 75 cents. 
THE PRIVATE BOOK OF USEFUL ALLOYS and Memo- 
randa for Goldsmiths, Jewollers, etc. By James E. Collins 

This little book Ib compiled from notes made by the Author from the 

ji,i;ic:'s Di "ii" of I.! 1 1' l.ir;ti!.-!|. and most eminent Manufacturing Golds™ it h-s and 
.JV\iHUt;< in thin country, and as the firm is now no limu'or i;i mi^.enoo, >i;nl t.ho 
Aii-)ior i- at priwuni. engaged in some other undertaking, he now oiii'rs to tl:o 
puli'J:: i.:jf! Vji'u'jlii. of ii:* o. [n.irioni/L', and in su doing tin beg* to stirte UiilI. all 
ttie alloys, etc, srivm in these pages may be confidently relied on as being 
tl i o roughly practicable. 

The Memoranda and Receipts throughout this book are also compiled 
ir<;ni pi.iou.'O, ,md will no doubt be found useful to the practical jeweller. 
—Shirley, July, 1871. 

Joynson's Metals Used in Construction. 

12mo. Cloth. 75 cents. 

THE METALS USED IN CONSTRUCTION: Iron, Steel, 
sal, etc., ote. By Francis Herbert Joynson. II- 



" In the interests of practical science, we are bound to notice this work J 
mil to Uiojo who wish further information, we should say, buy it; and the 
iutlay, we honestly believe, will be considered well spent." — Scientific 
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Hoiley's Ordnance and Armor. 

403 Engravings. Half Roan, $10.00. Half Russia, $12.00, 

A TEEATIBE ON ORDNANCE AND ARMOR— Embracing 
Descriptions, Discussions, ami I'niiijssiomd Opinions concerning 
the Matbhial, Fabricatim*, Requiremnuts, Capabilities, and En- 
durance of European and American Guns, for Naval, Sea Coast, 
and Iron-clad Warfare, and their Rifling, Projectiles, and 
B leech -Loading ; also, Results of Experiments against Armor, 
from Official Records, with an Appendix roforrins; to Gun-Cotton, 
Hooped Guns, etc., etc. By Alexander L. Hollet", B. P. 948 
pages, 493 Engravings, and 147 Tables of Results, etc. 

C.iNTK.vrs. 
Chapter L— Standard Guns mid their Fabrication Described: Section 1. 
Hooped Guns; Section 3. Solid "Wrought Iron Guns; Section 15. Solid Steel 
Guns; Seel ion k O.rsi.-Trnn ("inll.i. CllAl'TJiK IL— The I' Oil :.i iieinfto bi 0.' Guns, 
Armor: Scolion 1. The Work to lift dune ; Section 2. Heavy ;shot at Low Ye- 
Im-ilies: Hi-i-tion J!. Smill Shot at High Velocities; Section ■!. The heo Sys- 
:.:t;i--. <":, niiliiii. ■,!.; Soo-dou ■">. llreachini." Masonry. CHAPTER III. — The Stains 
and Structure of Onus: Section I. Resistance i.o Ela-lie Treasure; Section 2. 
TheEffeotBoi Vibration; Section 3. The Effects of Heat. Chapter IV.— 
Cannon Metals and Process o:' Pkbricatioii: Section 1. Eiasiieii y and Ductil- 
i!y; Section 2. (last-Iron; Section '■',. Wrought Iron: Section 4. Steel; Sec- 
tion 5. Bronze; Section G. Other Alloys. CHAPTER V.— Rifling- and Projec- 
(iiesi Standard Forms and Practice Described; Early E.-ipcrirnenis ; The 
(t-ulring System ; The Croiprcssini; System ; The Ex pan 'ion Si stem: Armor 
Punching Projectiles: Shells for Mellon Metal; Competitive Trial of Rifled 
Guns, !.8ft2; Duty of Hided Guns: General Uses. A.com-ncy, Range, Veioeiry, 
Strain, Liability of Projectile to Injury ; Firing Spherical Shot iron, li.ifled 
Guns; Material for Armor-Punching Projectiles ; ha ape of Armor-Punching 
Projectiles; Capacity and Dostrueliveness of Shells; Ehmgai.cd Shot from 
Smooth Pored; Conclnsioris ; Velocity of Projectiles ; Table 1 . Chapter VI.— 
Ui-eeeb-I. aiding Advantages and Defers of Hie Svsiem; Rapid riling and 
Cooling Guns by Mathm-iy; Standard Hveeeh-Loaiicrs Described. Part Sec- 
ond: Experiments against A.rmor; Account of Experiment from Official 
Records in Chronological Order. Al'PKN'Dlx.— Report on the Application of 
G ua-L'oKii'i to Warlike Purposes Tirkis'n A.ss;, l: iaiio!i, ISIi;i; Mannl'iieture mid 
E-xperimonts in England; Guns Hooped with Initial Tension— History; How 
Guns Hurst, by Wiard, Lyman's Accelerating Gun; Endurance of Pur rot t 
and Whitworth Guns at Charleston ; Hooping old United States Cast-Iron 
Guns; Endurance and Accuracy of the Armstrong GOO-pounder; Cojii;!o;iiivo 
Trials with 7-iuch Guns. 
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Peirce's Analytic Mechanics. 

4to. Cloth. $10.00. 

SYSTEM OF ANALYTIC MECHANICS. Physical and Celestial 
Mechanics. ByBRNMMrs Peihcb, Porkins Pro fessor of Astronomy 
and Mathematics iri Harvard University, and Consulting As- 
tronomer of the American Ephonioris and ^Nautical Almanac. 
Developed in four systems of Analytic Mechanics, Celestial 
'.Mi'irliiniiirn. i'iii'.^ir.i.il l'iiysi '.:-., and A.3 1 ;i. L y L i o Morphology. 

" I havere-examir.od the memoirs of tho ;;ro;!t L"<™]L.;tor<=, and have striven 

to nonso'.idiito their hiiosr rr.soiirohes iizi-.l [Heir inns:. e\:L!to;l form-; o: thought 
into a eon-intent and uniform Lro.ni:io. Tf I hare litavhy suooecdod in upon- 
ingtothe students of mj oountry a readier av.avs tu these ohoioe jewels of 
i iif.i:llfi;t ; if i.lioir hrilliuney is Tint, ieipau-ed in this ait-emot, tu nwt, them ; ii, 
in their own ci.msiellar.ion, tlic-y illustrate each other, and uoneentral.o 
;i stronger liitht upon tho names of their diseuverers , and, still more, 11 any 
j/pra whieh 1 may iiaye presumed to a;id is not wholly In stress in the co:loe- 
tion, I shall feel that my work has not been in vain." - Extract from the 1're- 



Burt's Key to Solar Compass. 

Second Edition. 

Pocket Book Form. Tuck. $3.50. 

KEY TO THE SOLAR COMPASS, and Surveyor's ' 

comprising all tho lvules imoe.is.ary lor use in the field; also, 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on tho Barometer, Suggestions for an 
outfit for a Survey of four months, etc., etc., etc. By W. A. 
Burt, U. S. Deputy Surveyor. Seeuiid i.-i title jtl. 



Chauvenet's Lunar Distances. 

8vo. Cloth. $3.00. 

NEW METHOD OF CORRECTING LUNAR DISTANCES, 
and Improved Method of Finding the Error and Rate of a Chro- 
nometer, by equal altitudes. By Wm. Ciiaovenet, LL.D., Chan- 
cellor of Washington University of St. Louis. 
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Jeffers' Nautical Surveying. 



NAUTICAL SURVEYING. By William N". Jeffers, Captain 
U. S. Navy. 

Many books have been written on each of the subjects treated of in the 

sixteen uliinitcrs of this work; dud, to obtain a eompleU: knowledge of 
goodetic .-.nrvryiiLL; requires a profound study of the whuhi ran^e of matlie- 
tivlU'm! iind p':iy.-i:::.i MtEcri; hut, a year of preparation should render any 
intelligent ofilm-r f.tunjs^li.'Tit t:> (jinnlu'it a, nautical survey. 

CONTENTS.— Chapter I, Formula and Constants Useful in Surveying 
1). JJis1,ir.!--:.ivo Ciiaraetcr of Surveys. III. HydroL-rnpliio Surveying nadt;r 
Snil ; ov, Kurming Survey. IV. ifydroLo-apliic Survey iog of E nits; or, Har- 
bor Murrey. V. Tides — Definition of Tidal Phenomena— Tidal OWrvarimis. 
VI. Measurement of Ba m —Appropriate and Direct. VII. Measurement of 
the. Angle* of Triangles— Azimuths— Astronomical Bearing. VTTI. Correo- 
tions to be Applied to the Observed Angles. IX. Levelling— Difference of 
Level. X. Computation of (ho !?i.dus of the Triangula', io-i '['lie '['hn.'o-]:oint 
Problem. XI. Determination of tin; Geodetic- La.ui u.U\>, Longitudes, and 
A/.iiiiul I'.;', i.ii' JVanta ot !l Ti'iaiigula.tioji. .X.!I, Sunmiary of S i j.; ij t:-:--^ treated 
of in preceding Chapters — Exiimples of Computation hy various Formula;. 
XT11. Projection of Charts and Plans. XIV. Astronomical Determination of 
Latitude and Longitude. XV. Magnetic 01 nervations. XVI. Deep Sea 
Soundings. XVIL Tables for AHoorta.oing Distances a-t Soa, and a. full 

List of Plates. 

Plate I. Diagram Illustrative of the Triangulation. II. Specimen Page 

of Field Bu.jk. Til. ItiLjininj; Survey of ; Coast. IV. Fsample of a Untieing 
Survey from Belcher. V. Flying Survey of an Island. VI. Survey of a 
Shoal. VII. Boat Survey of a River. VIII. Three-Point Problem. IX. 
Triangulation. 

Coffin's Navigation. 

Fifth Edition. 

I3mo. Cloth. |3.50. 
NAVIGATION AND NAUTICAL ASTRONOMY. Prepared 
for the use of the TJ. S. Naval Academy. By J. H. C. Coffin, 
Prof, of Astronomy, Navigation and Surveying, with 52 wood- 
cut illustrations. 
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Clark's Theoretical Navigation. 

8vo. Cloth. f3.00. 

THEORETICAL NAVIGATION AND NAUTICAL ASTRON- 
OMY. By Lewis Clahk, Lieut. -Command or, TJ. S. Navy. Il- 
lustrated with 41 Wood-outs, including the Vernier. 

Prepared for Use at the U. S. Naval Academy. 



The Plane Table. 

Illustrated. 8vo. Cloth. $2. 00. 

ITS USES IN TOPOGRAPHICAL SURVEYING. From the 
Papers of the U. S. Coast Survey. 

This work gives a dc-trripUon »f the Plane Table employed at the IT. S. 

Co;isl Survey Oiliuu, ami the iji-jjincr of using it,. 



Pook on Shipbuilding. 

Syo. Cloth. $5.00. 

METHOD OF COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
cluding a Chapter on Laying off on the Mould-Loft Floor. By 
Samuel M. I'ook, Naval Constructor. 1 vol., 8vo. With, illus- 
trations. Cloth. §5.00. 



Brunnow's Spherical Astronomy. 



SPHERICAL ASTRONOMY. By F. Brusnow, Ph. Dr. Trans- 
lated by the Author from tlie Smjuud Gorman edition. 
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Van Buren's Formulas. 

8vo. Cloth. $2.00. 

INVESTIGATIONS OP FORMULAS, for the Strength of the 

Iron Parts of Stvut:. MiuslmuTy. By J. B. Yak Btjren, Jr., 0. E. 

II u.-- (.rated. 
This is an analytical discussion of the formula! employee! by mechanical 

en«-ii!00rs in liutermininir the rupturing or (.Tippling pro,-<-;-.[ro in the dii'V'tvn t, 
parr.-; of :i ma-cliino. Tiie formula; are ft.iu;nli.'d ii]iin Ui<; primiplr, tl;nt the 
difi'evnet parts of : : . maekine -non Id be- i.L;ua!',y strong, and are developed in 
refer enee to tin; ultimate strength of the material in order to leave the ehoieu 
of a factor of safely io ike juihjiiH.r.t or tin; ui....i<:i.uT. Hitiimari » Journal, 



Joynson on Machine Gearing. 

8vo, Cloth. $3.00. 
THE MECHANIC'S AND STUDENT'S GUIDE in the Design- 
ing and Construction of Gouwal Machine. Glairing, as Eccentrics, 
Screws, Toothed Wheels, etc., and the Drawing of Ereiilincal 
and Curved Surfaces ; with Practical Rules and Details. Edited 
by Francis Hekbehi Joynson. Illustrated with 18 folded 
platen 

"The aim of this -work is to bo u ;ruide i.<> me:li<inies in the designing arid 
eonstnirtim ">' \n".a v.il lci.^hine-^eiirrmr. This design it well fulfils, being 
plainly and sensibly wrLiton, ami profusely 11 !usf rated." — :uivlti.y Timet. 



Barnard's Report. Paris Exposition, 
1867. 

Illustrated. Svo. Cloth. $5.00. 

REPORT ON MACHINERY AND PROCESSES ON THE 
INDUSTRIAL ARTS AND APPARATUS OF TIIE EXACT 
SCIENCES. By F. A. P. Baknaeb, LL.D.— Paris Universal 
Exposition, 1867. 

" "We have in this volume the results of Dr. Barnard's study of the Paris 
Exposition of 1867, in tho form of un official Keport of the Government. It 
is the most exhaustive treatise upon modern invention.' tliat has appeared 
since the Universal Exhibition of 18a!, and wo don hi. i f anythirrg equal to it 
hiis appeared UJs eenUry." - Journal Ajqiikd (Jki/ui-Uirij. 
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Engineering Facts and Figures. 

18mo. Cloth. $3.50 per Volume. 

AN ANNUAL REGISTER OP PROGRESS IN MECHANI- 
OAL ENGINEERING AND CONSTRUCTION, for the Years 
1863-64-65-66-67-68. Fully illustrated. 6 volumes. 

Each volume sold .separately. 

Beckwith's Pottery. 

8vo. Paper. 60 cental. 

OBSERVATIONS ON THE MATERIALS and Manufacture of 
Terra-Cotta, Stone-Ware, Fire-Lnck, Porcelain and Encaustic 
Tiles, -with Remarks on the Products exhibited at the London 
International Exhibition, 1871. By Ahthuk Beckwith, Civil 
Engineer. 

"Everything is noticed in this book w]^^cnm'.'i under the liond of Pot- 
tery, from ill iy poroelnhi to ordinary lirkiit, ;l:hI aside from trit: interest which 
all take in such manufactures, the work will be of considerable value to 
followers of tho ceramic art." — Emul-ivi Mill 



Dodd's Dictionary of Manufactures, etc. 

12mo. Cloth. $3.00. 

DICTIONARY OF MANUFACTURES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By George Dann, 

This work, a small book on n great fntbjeet, treats, in alpliabctical ar- 

ra.n^eHieni., of those !;iiiai:Eiit« ousters which come from 1 rally within tho r\\.csge. 
of mnu-i incur res ami the productive arts. The raw matevia's — a-iimal, vege- 
tative, and mineral — whence the lcanutaoi lived prodm.is are derived, are sne- 
cin«:ly noticed in connection with tho processes which they undergo, bsit nut 
as subjects of natural history. Tho operations of the Mine ami i.lie Mill, ;!io 
Poundry and the Forge, tho Factory and tho Workshop, are passed under re- 
view. The principal machines ami engine*, tools and apparatus, concerned in 
tu anil fact living processes, ure briefly il.o-^ ■: il J',:-:i. The scale on which our chief 
branches of national industry are conducted, in regaid to values and quantities, 
is indicated in various ways. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8vo . Illnstrated. Cloth. $5 . 00. 

THE CIVIL AND MILITARY ENGINEERS OF AMERICA. 
By General Ckaklf.m B. Stumix, Author of "Naval Dry Docks 
of the United States," etc., etc. Embellished with nine finely 
executed portrait* mi st(>ol of eminent engineer.-;, and illustrated 
by engravings of some of the most important and original works 
constructed in America. 

Containing sketches of the Life and Works of Major Andrew Ellieott, 

J nines (ti-m1(1(:S ! villi Portrait, lif-niii:j):!n Wright (with Portrait;, Canva.sa 
White (ivith Portrait), David Stanhope Bate.s, iN:itliun 8. Roberts, Gridley 
Bryant : with Portrait;, Gctsit-iI Joseph G. Swift, Jesse I.. Williams (with 
Portrait;, Colonel William llrltee, Simuiel TP TCneiiss, Captain John Childo 
with Portrait , 'Frederick I l.arhach. Major Jla.vid Jlates Douglas with Por- 
irait.i, Jonathan TCnisjhr, Benjamin J t. iiatrobe (ivith "Curl rait;, Oakmol diar- 
ies Ellet, Jr. with Portrait), Samuel Porrer, William Stuart Watson, John 
A. Boob ling. 



Alexander's Dictionary of "Weights 
and Measures. 

8vo. Cloth. $3.50. 
UNIVERSAL DICTIONARY OF WEIGHTS AND MEAS- 
URES, Ancient and Modern, reduced to the standards of the 
United States of America. By J. H. Alexander. New edition, 
lvol. 

" As a standard work of reference, this hook should be in every library ; it 
is one which wo have long- wanted, and it will save much trouble and re- 
search." — Scientific American. 



Gouge on "Ventilation. 

Third TCdition Enlarged. 

8vo. Cloth. $2.00. 

NEW SYSTEM OF VENTILATION, which has been thoroughly 

tested under the patronage of many distinguished persons. By 

Henry A. Gouue, with innny illustrations. 
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Van Nostrand's Science Series. 

It is the intention of the Publisher of this Series to issue them at inter- 
vals of about a month. They will be put up in a uniform, neat and attrac- 
tive form, 18mo, fancy boards. The subjects will be of an eminently 
M'i'-iiLif:;' character, and embrace as wide a range of topics as possible, all 
of the highest character. 

Price, 50 Cents Each. 

1. 

CTITMNEYS FOR FURNACES, FIRE-PLACES, AND 

STEAM BOILERS. By R. Armstrong, C. E. 

9. 

STEAM BOILER EXPLOSIONS. By Zerah Colburn. 

3. 

PRACTICAL DESIGNING- OF RETAINING WALLS 
By Arthur Jacob, A. B. With Illustrations. 
■*. 

PROPORTIONS OF PINS USED IN BRIDGES. By 
Charles E. Bender, C. E. With Illustrations. 

<5. 

VENTILATION OF BUILDINGS. By W. F. Butler. With 
Illustrations. 

e. 

ON THE DESIGNING AND CONSTRUCTION OF STOR- 
AGE RESERVOIRS. By Arthur Jacob. With Illustra- 
tions. 

SURCHARGED AND DIFFERENT FORMS OF RETAIN- 
ING WALLS. By James 8. Tate, C. E. 
a. 
A TREATISE ON THE COMPOUND ENGINE. By John 
Turnbull. With Hlustrations. 
S- 
FUEL. By C. William Siesiess, to which is apponded the value 
o£ ARTIFICIAL FUELS AS COMPARED WITH COAL. 

By JOHK WOHMALB, 0. E. 

10..— COMPOUND ENGINES. Translated from the French of 

A. Mallbt. With Illustrations. 
11.— THEORY OF ARCHES. By Prof. W. Allan. With Illus- 
trations. 
* # * Other "Works in preparation. 
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